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FIBROUS STRUCTURES COMPRISING A
SURFACE SOFTENING COMPOSITION

FIELD OF THE INVENTION

The present invention relates to fibrous structures and
sanitary tissue products comprising such fibrous structures.
More particularly, the present invention relates to fibrous
structures comprising a surface softening composition com-
prising a metathesized unsaturated polyol ester, sanitary
tissue products comprising such fibrous structures and meth-
ods for making same.

BACKGROUND OF THE INVENTION

Fibrous structures comprising surface softening compo-
sitions are known 1in the art. Silicones and quaternary
ammonium compounds have been widely used 1n the past as
surface softening agents within surface softening composi-
tions for various fibrous structures from textiles and fabrics
to sanitary tissue products, such as toilet paper, facial tissue,
paper towels, and wipes.

Unfortunately, the current surface softening agents have a
number of drawbacks which include high cost, a narrow pH
formulation window, less than desirable stability and/or
soltening performance. In an effort to alleviate such draw-
backs, new surface softening agents have continued to be
developed. Unifortunately, even such newly developed sur-
face softening agents continue to exhibit one or more of the
abovementioned drawbacks. Applicants recognized that the
alorementioned drawbacks are due to one or more of the
following factors: hydrolytic instability of ester linkage
which 1s beta to the quaternary ammonium group in the
molecule causes pH intolerance, the high charge density of
quaternary ammonium headgroup causes salt intolerance,
and excessively high molecular weights of the polymeric
soltening agents makes them diflicult to process and dispose
of. Thus what 1s required are surface softening agents that
comprise a material that functions to soften the fibrous
structures they are applied to, but does not exhibit the same
level of drawbacks as current surface soltening agents.

Accordingly, there 1s a need for surface softening agents
that when applied to a surface of a fibrous structure provides
the fibrous structure with softness without the drawbacks
discussed above, sanitary tissue products comprising such
fibrous structures, and methods for making same.

SUMMARY OF THE INVENTION

The present invention fulfills the need described above by
providing a fibrous structure comprising a surface softening,
composition comprising a metathesized unsaturated polyol
ester. Applicants unexpectedly found that metathesized
unsaturated polyol esters can serve as a surface softening
agent without exhibiting the drawbacks mentioned above.
While not being bound by theory, Applicants believe that the
uncharged nature and/or the low degree of oligomerization
of the metathesized unsaturated polyol esters result 1in the
lack of the aforementioned drawbacks. Thus metathesized
unsaturated polyol esters are salt and pH tolerant as well as
casier to process and dispose of, yet have a softening
capability that 1s at least as good as that of the best current
surface softening agents. As a result, formulations compris-
ing such metathesized unsaturated polyol esters can have
wide pH ranges, and/or salt levels and still be stable. In
addition, the salt and/or pH tolerance of such formulations
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2

allows a number of additional ingredients to be employed by
the formulator, including ingredients that hitherto were not
available to formulators.

In one example of the present invention, a fibrous struc-
ture comprising a surface soitening composition comprising
a metathesized unsaturated polyol ester, 1s provided.

In another example of the present ivention, a fibrous
structure comprising a surface softening composition com-
prising a metathesized unsaturated polyol ester and being
substantially free of silicones and quaternary ammonium
surface softening agents, 1s provided.

In even another example of the present invention, a
fibrous structure comprising a surface soitening composition
comprising a methathesized unsaturated polyol ester and one
or more other surface soitening agents selected from the
group consisting of: silicones, quaternary ammonium com-
pounds, and mixtures thereof, 1s provided.

In st1ll another example of the present invention, a fibrous
structure comprising a surface softening composition com-
prising a metathesized unsaturated polyol ester and a lotion
composition, are provided.

In yet another example of the present invention, a process
for treating a surface of a fibrous structure, the process
comprising the step of applying a surface softening compo-
sition comprising a metathesized unsaturated polyol ester to
the surface of the fibrous structure, 1s provided.

In even yet another example of the present invention, a
single- or multi-ply sanitary tissue product comprising a
fibrous structure according to the present invention, 15 pro-
vided.

Accordingly, the present invention provides fibrous struc-
tures comprising a surface softening composition compris-
ing a metathesized unsaturated polyol ester, sanitary tissue
products comprising such fibrous structures, and processes
for making such fibrous structures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic top view representation of a Slip
Stick Coeflicient of Friction Test Method set-up;

FIG. 2 1s an 1mage of a Iriction sled for use in the Slip
Stick Coeftlicient of Friction Test Method; and

FIG. 3 1s a schematic side view representation ol a Slip
Stick Coeflicient of Friction Test Method set-up.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

Definitions

The terms “‘natural oils,” “natural feedstocks.,” or “natural
o1l feedstocks” may refer to oils derived from plants or
animal sources. The term “natural o1l includes natural o1l
derivatives, unless otherwise indicated. The terms also
include modified plant or animal sources (e.g., genetically
modified plant or animal sources), unless indicated other-
wise. Examples of natural oils include, but are not limited to,
vegetable oils, algae oils, fish oils, amimal fats, tall oils,
derivatives of these oils, combinations of any of these oils,
and the like. Representative non-limiting examples of veg-
ctable oils include canola o1l, rapeseed o1l, coconut o1l, corn
o1l, cottonseed o1l, olive o1l, palm o1l, peanut o1l, satflower
o1l, sesame o1l, soybean o1l, sunflower oil, linseed oil, palm
kernel o1l, tung o1l, jatropha o1l, mustard o1l, pennycress oil,
camelina o1l, and castor oil. Representative non-limiting
examples of anmimal fats include lard, tallow, poultry {at,
yellow grease, and fish o1l. Tall o1ls are by-products of wood
pulp manufacture.

Y ex
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The term “natural o1l derivatives™ refers to derivatives
thereol derived from natural oil. The methods used to form
these natural o1l derivatives may include one or more of
addition, neutralization, overbasing, saponification, transes-
terification, esterification, amidification, hydrogenation,
1Isomerization, oxidation, alkylation, acylation, sulfurization,
sulfonation, rearrangement, reduction, fermentation, pyroly-
s1s, hydrolysis, liquefaction, anaerobic digestion, hydrother-
mal processing, gasification or a combination of two or more
thereol. Examples of natural derivatives thereof may include
carboxylic acids, gums, phospholipids, soapstock, acidu-
lated soapstock, distillate or distillate sludge, fatty acids,
tatty acid esters, as well as hydroxy substituted varnations
thereotf, 1including unsaturated polyol esters. In some
embodiments, the natural o1l derivative may comprise an
unsaturated carboxylic acid having from about 5 to about 30
carbon atoms, having one or more carbon-carbon double
bonds 1n the hydrocarbon (alkene) chain. The natural o1l
derivative may also comprise an unsaturated fatty acid alkyl
(e.g., methyl) ester derived from a glyceride of natural oil.
For example, the natural o1l derivative may be a fatty acid
methyl ester (“FAME”) dertved from the glyceride of the
natural oil. In some embodiments, a feedstock includes
canola or soybean oil, as a non-limiting example, refined,
bleached, and deodorized soybean o1l (1.e., RBD soybean
oil).

The term “free hydrocarbon” refers to any one or com-
bination of unsaturated or saturated straight, branched, or
cyclic hydrocarbons in the C, to C,, range.

The term “metathesis monomer™ refers to a single entity
that 1s the product of a metathesis reaction which comprises
a molecule of a compound with one or more carbon-carbon
double bonds which has undergone an alkylidene unit inter-
change via one or more of the carbon-carbon double bonds
either within the same molecule (intramolecular metathesis)
and/or with a molecule of another compound containing one
or more carbon-carbon double bonds such as an olefin
(intermolecular metathesis).

The term “metathesis dimer” refers to the product of a
metathesis reaction wherein two reactant compounds, which
can be the same or diflerent and each with one or more
carbon-carbon double bonds, are bonded together via one or
more of the carbon-carbon double bonds 1n each of the
reactant compounds as a result of the metathesis reaction.

The term “metathesis trimer” refers to the product of one
or more metathesis reactions wherein three molecules of two
or more reactant compounds, which can be the same or
different and each with one or more carbon-carbon double
bonds, are bonded together via one or more of the carbon-
carbon double bonds 1n each of the reactant compounds as
a result of the one or more metathesis reactions, the trimer
containing three bonded groups derived from the reactant
compounds.

The term “metathesis tetramer™ refers to the product of
one or more metathesis reactions wherein four molecules of
two or more reactant compounds, which can be the same or
different and each with one or more carbon-carbon double
bonds, are bonded together via one or more of the carbon-
carbon double bonds 1n each of the reactant compounds as
a result of the one or more metathesis reactions, the tetramer
contaiming four bonded groups derived from the reactant
compounds.

The term “metathesis pentamer™ refers to the product of
one or more metathesis reactions wherein five molecules of
two or more reactant compounds, which can be the same or
different and each with one or more carbon-carbon double
bonds, are bonded together via one or more of the carbon-
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4

carbon double bonds 1n each of the reactant compounds as
a result of the one or more metathesis reactions, the pen-
tamer containing five bonded groups derived from the
reactant compounds.

The term “metathesis hexamer™ refers to the product of
one or more metathesis reactions wherein six molecules of
two or more reactant compounds, which can be the same or
different and each with one or more carbon-carbon double
bonds, are bonded together via one or more of the carbon-
carbon double bonds 1n each of the reactant compounds as
a result of the one or more metathesis reactions, the hexamer
containing six bonded groups derived from the reactant
compounds.

The term “metathesis heptamer” refers to the product of
one or more metathesis reactions wherein seven molecules
ol two or more reactant compounds, which can be the same
or different and each with one or more carbon-carbon double
bonds, are bonded together via one or more of the carbon-
carbon double bonds 1n each of the reactant compounds as
a result of the one or more metathesis reactions, the hep-
tamer contaiming seven bonded groups derived from the
reactant compounds.

The term “metathesis octamer” refers to the product of
one or more metathesis reactions wherein eight molecules of
two or more reactant compounds, which can be the same or
different and each with one or more carbon-carbon double
bonds, are bonded together via one or more of the carbon-
carbon double bonds 1n each of the reactant compounds as
a result of the one or more metathesis reactions, the octamer
containing eight bonded groups derived from the reactant
compounds.

The term “metathesis nonamer” refers to the product of
one or more metathesis reactions wherein nine molecules of
two or more reactant compounds, which can be the same or
different and each with one or more carbon-carbon double
bonds, are bonded together via one or more of the carbon-
carbon double bonds 1n each of the reactant compounds as
a result of the one or more metathesis reactions, the nonamer
containing nine bonded groups derived from the reactant
compounds.

The term “metathesis decamer” refers to the product of
one or more metathesis reactions wherein ten molecules of
two or more reactant compounds, which can be the same or
different and each with one or more carbon-carbon double
bonds, are bonded together via one or more of the carbon-
carbon double bonds 1n each of the reactant compounds as
a result of the one or more metathesis reactions, the decamer
containing ten bonded groups derived from the reactant
compounds.

The term “metathesis oligomer” refers to the product of
one or more metathesis reactions wherein two or more
molecules (e.g., 2 to about 10, or 2 to about 4) of two or
more reactant compounds, which can be the same or differ-
ent and each with one or more carbon-carbon double bonds,
are bonded together via one or more of the carbon-carbon
double bonds 1n each of the reactant compounds as a result
of the one or more metathesis reactions, the oligomer
containing a few (e.g., 2 to about 10, or 2 to about 4) bonded
groups dertved from the reactant compounds. In some
embodiments, the term “metathesis oligomer” may include
metathesis reactions wherein greater than ten molecules of
two or more reactant compounds, which can be the same or
different and each with one or more carbon-carbon double
bonds, are bonded together via one or more of the carbon-
carbon double bonds 1n each of the reactant compounds as




US 10,479,960 B2

S

a result of the one or more metathesis reactions, the oligomer
containing greater than ten bonded groups derived from the
reactant compounds.

As used herein, the terms “metathesize” and “metathesiz-
ing” may refer to the reacting of a unsaturated polyol ester
feedstock 1n the presence of a metathesis catalyst to form a
metathesized unsaturated polyol ester product comprising a
new olefinic compound and/or esters. Metathesizing may
refer to cross-metathesis (a.k.a. co-metathesis), self-metath-
esis, ring-opening metathesis, ring-opeming metathesis
polymerizations (“ROMP”), ring-closing metathesis
(“RCM”), and acyclic diene metathesis (“ADMET”). As a
non-limiting example, metathesizing may refer to reacting
two triglycerides present 1in a natural feedstock (self-metath-
es1s) 1n the presence of a metathesis catalyst, wherein each
triglyceride has an unsaturated carbon-carbon double bond,
thereby forming an oligomer having a new mixture of
olefins and esters that may comprise one or more of:
metathesis monomers, metathesis dimers, metathesis trim-
ers, metathesis tetramers, metathesis pentamers, and higher
order metathesis oligomers (e.g., metathesis hexamers,
metathesis, metathesis heptamers, metathesis octamers,
metathesis nonamers, metathesis decamers, and higher than
metathesis decamers and above).

As used herein, the term “polyol” means an organic
material comprising at least two hydroxy moieties.

“Fiber” as used herein means an elongate particulate
having an apparent length greatly exceeding its apparent
diameter, 1.¢. a length to diameter ratio of at least about 10.
Fibers having a non-circular cross-section are common; the
“diameter” 1n this case may be considered to be the diameter
of a circle having cross-sectional area equal to the cross-
sectional area of the fiber. More specifically, as used herein,
“fiber” refers to papermaking fibers. The present invention
contemplates the use of a variety of papermaking fibers,
such as, for example, natural fibers or synthetic fibers, or any
other suitable fibers, and any combination thereof.

Natural papermaking fibers useful 1n the present invention
include animal fibers, mineral fibers, plant fibers and mix-
tures thercol. Amimal fibers may, for example, be selected
from the group consisting of: wool, silk and mixtures
thereof. Plant fibers may, for example, be derived from a
plant selected from the group consisting of: wood, cotton,
cotton linters, flax, sisal, abaca, hemp, hesperaloe, jute,
bamboo, bagasse, kudzu, corn, sorghum, gourd, agave,
loofah, and mixtures thereof. In one example the fibers
comprise trichomes, such as trichomes obtained from
Stachys bzyantina, for example trichomes from a Lamb’s
Ear plant.

Wood fibers; often referred to as wood pulps include
chemical pulps, such as krait (sulfate) and sulfite pulps, as
well as mechanical and semi-chemical pulps including, for
example, groundwood, thermomechanical pulp, chemi-me-
chanical pulp (CMP), chemi-thermomechanical pulp
(CIMP), neutral semi-chemical sulfite pulp (INSCS).
Chemical pulps, however, may be preferred since they
impart a superior tactile sense of softness to tissue sheets
made therefrom. Pulps derived from both deciduous trees
(heremaftter, also referred to as “hardwood’) and coniferous
trees (hereinafter, also referred to as “softwood”) may be
utilized. The hardwood and softwood fibers can be blended,
or alternatively, can be deposited i layers to provide a
stratified and/or layered fibrous structure. U.S. Pat. Nos.
4,300,981 and 3,994,771 are incorporated herein by refer-
ence for the purpose of disclosing layering of hardwood and
softwood fibers. Also applicable to the present invention are
fibers derived from recycled paper, which may contain any
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6

or all of the above categories as well as other non-fibrous
materials such as fillers and adhesives used to facilitate the
original papermaking.

The wood pulp fibers may be short (typical of hardwood
fibers) or long (typical of softwood fibers). Non-limiting
examples of short fibers include fibers derived from a fiber
source selected from the group consisting of Acacia, Fuca-
lvptus, Maple, Oak, Aspen, Birch, Cottonwood, Alder, Ash,
Cherry, Elm, Hickory, Poplar, Gum, Walnut, Locust, Syca-
more, Beech, Catalpa, Sassafras, Gmelina, Albizia,
Anthocephalus, and Magnolia. Non-limiting examples of
long fibers include fibers derived from Pine, Spruce, Fir,
Tamarack, Hemlock, Cypress, and Cedar. Softwood fibers
derived from the krait process and originating from more-
northern climates may be preferred. These are often referred
to as northern softwood kraft (NSK) pulps.

Synthetic fibers may be selected from the group consist-
ing of: wet spun fibers, dry spun fibers, melt spun (including
melt blown) fibers, synthetic pulp fibers and mixtures
thereof. Synthetic fibers may, for example, be comprised of
cellulose (often referred to as “rayon”); cellulose derivatives
such as esters, ether, or nitrous derivatives; polyolefins
(1including polyethylene and polypropylene); polyesters (in-
cluding polyethylene terephthalate); polyamides (often
referred to as “nylon™); acrylics; non-cellulosic polymeric
carbohydrates (such as starch, chitin and chitin derivatives
such as chitosan); and mixtures thereof.

“Fibrous structure” as used herein means a structure that
comprises one or more fibers. Non-limiting examples of
processes for making fibrous structures include known wet-
laid papermaking processes and air-laid papermaking pro-
cesses. Such processes typically include steps of preparing
a fiber composition, oftentimes referred to as a fiber slurry
in wet-laid processes, either wet or dry, and then depositing
a plurality of fibers onto a forming wire or belt such that an
embryonic fibrous structure 1s formed, drying and/or bond-
ing the fibers together such that a fibrous structure 1s formed,
and/or further processing the fibrous structure such that a
finished fibrous structure 1s formed. For example, 1n typical
papermaking processes, the finished fibrous structure is the
fibrous structure that 1s wound on the reel at the end of
papermaking, but before converting thereof into a sanitary
tissue product.

Non-limiting types of fibrous structures according to the
present invention include conventionally felt-pressed fibrous
structures; pattern densified fibrous structures; and high-
bulk, uncompacted fibrous structures. The fibrous structures
may be of a homogeneous or multilayered (“layered” mean-
ing two or three or more layers) construction; and the
sanitary tissue products made therefrom may be of a single-
ply or multi-ply construction.

The fibrous structures may be post-processed, such as by
embossing and/or calendaring and/or folding and/or printing
images thereon.

The fibrous structures may be through-air-dried fibrous
structures or conventionally dried fibrous structures.

The fibrous structures may be creped or uncreped. In one
example, the fibrous structures may be belt-creped and/or
fabric creped.

“Sanitary tissue product” comprises one or more fibrous
structures, converted or not, that 1s useful as a wiping
implement for post-urinary and post-bowel movement
cleaning (toilet tissue), for otorhinolaryngological dis-
charges (facial tissue and/or disposable handkerchiefs), and
multi-functional absorbent and cleaning uses (absorbent
towels and/or wipes). In one example, a lotion composition-
containing multi-ply disposable handkerchief having a cali-
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per of from about 0.1 mm to about 0.4 mm in accordance
with the present imnvention 1s provided.

“Ply” or “Plies” as used herein means an individual
finished fibrous structure optionally to be disposed 1n a
substantially contiguous, face-to-face relationship with
other plies, forming a multiple ply finished fibrous structure
product and/or samitary tissue product. It 1s also contem-
plated that a single fibrous structure can effectively form two
“plies” or multiple “plies”, for example, by being folded on
itsellf.

“Surface of a fibrous structure” as used herein means that
portion of the fibrous structure that 1s exposed to the external
environment. In other words, the surface of a fibrous struc-
ture 1s that portion of the fibrous structure that is not
completely surrounded by other portions of the fibrous
structure.

“User Contacting Surface” as used herein means that
portion of the fibrous structure and/or surface softening
composition and/or lotion composition present directly and/
or indirectly on the surface of the fibrous structure that is
exposed to the external environment. In other words, 1t 1s
that surface formed by the fibrous structure including any
surface softening composition and/or lotion composition
present directly and/or indirectly on the surface of the
fibrous structure that contacts an opposing surface when
used by a user. For example, 1t 1s that surface formed by the
fibrous structure including any surface softening composi-
tion and/or lotion composition present directly and/or indi-
rectly on the surface of the fibrous structure that contacts a
user’s skin when a user wipes his/her skin with the fibrous
structure of the present invention.

In one example, the user contacting surface, especially for
a textured and/or structured fibrous structure, such as a
through-air-dried fibrous structure and/or an embossed
fibrous structure, may comprise raised areas and recessed
areas ol the fibrous structure. In the case of a through-air-
dried, pattern densified fibrous structure the raised areas may
be knuckles and the recessed areas may be pillows and vice
versa. Accordingly, the knuckles may, directly and/or indi-
rectly, comprise the surface softening composition and
lotion composition and the pillows may be void of the
surface softening composition and the lotion composition
and vice versa so that when a user contacts the user’s skin
with the fibrous structure, only the lotion composition con-
tacts the user’s skin. A similar case 1s true for embossed
fibrous structures where the embossed arecas may, directly
and/or indirectly, comprise the surface softening composi-
tion and the lotion composition and the non-embossed areas
may be void of the surface softening composition and the
lotion composition and vice versa.

The user contacting surface may be present on the fibrous
structure and/or sanitary tissue product before use by the
user and/or the user contacting surface may be created/
formed prior to and/or during use of the fibrous structure
and/or sanitary tissue product by the user, such as upon the
user applying pressure to the fibrous structure and/or sani-
tary tissue product as the user contacts the user’s skin with
the fibrous structure and/or sanitary tissue product.

All percentages and ratios are calculated by weight unless
otherwise indicated. All percentages and ratios are calcu-
lated based on the total composition unless otherwise indi-
cated.

Unless otherwise noted, all component or composition
levels are 1n reference to the active level of that component
or composition, and are exclusive of impurnties, for
example, residual solvents or by-products, which may be
present 1n commercially available sources.
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Fibrous Structure

The fibrous structure according to the present invention
comprises a surface comprising a surface softening compo-
sition comprising a surtace softening agent comprising a
metathesized unsaturated polyol ester.

In another example, the surface of the fibrous structure
may comprise a layer of a surface softening composition
according to the present invention and a layer a different
surface softening composition and/or a lotion composition.
The layers of the surface softening compositions and/or
lotion composition may be phase registered with one
another. In another example, the different surface softening
compositions and/or lotion composition may cover diflerent
regions of the surface of the fibrous structure, for example
they may be 1n a striped configuration.

In still another example, the surface softening composi-
tion of the present mvention may cover about 100% and/or
greater than 98% and/or greater than 95% and/or greater
than 90% of the surface area of the surface of the fibrous
structure.

The surface softening composition and/or lotion compo-
sition may be applied to a surface of the fibrous structure by
any suitable means known in the art. Any contact or contact-
free application suitable for applying the surface softening
composition, such as spraving, dipping, padding, printing,
slot extruding, such as in rows or patterns, rotogravure
printing, flexographic printing, ofiset printing, screen print-
ing, mask or stencil application process and mixtures thereof
can be used to apply the surface softening composition
and/or lotion composition to the surface of the fibrous
structure and/or sanitary tissue product. Surface soltening
compositions can be applied to the fibrous structure and/or
sanitary tissue product before, concurrently, or after the
lotion composition application to the fibrous structure and/or
sanitary tissue product.

In one example, the surface softening composition and/or
the lotion composition 1s applied to the surface of the fibrous
structure during the fibrous structure making process, such
as before and/or after drying the fibrous structure.

In another example, the surface soitening composition
and/or the lotion composition 1s applied to the surface of the
fibrous structure during the converting process.

In yet another example, the surface soitening composition
1s applied to the surface of a fibrous structure prior to
application of the lotion composition.

The surface softening composition can be applied during
papermaking and/or converting, especially if applied to the
outside layer of a layered fibrous structure and/or sanitary
tissue product comprising such layered fibrous structure.

The surface softening composition and lotion composi-
tion can be applied by separate devices or by a single device
that has two or more chambers capable of separately deliv-
ering the different compositions, especially incompatible,
different compositions, such as the surface softening com-
position and the lotion composition.

The application devices may be sequentially arranged
along the papermaking (fibrous structure making) and/or
converting process.

The fibrous structures of the present mvention may
exhibit Slip Stick Coethicients of Friction of less than 360
and/or less than 355 and/or less than 350 and/or less than
325 and/or less than 300 and/or less than 285 (COF*10000)
as measured according to the Slip Stick Coeflicient of
Friction Test Method described herein.

The fibrous structures of the present mvention may
exhibit average TS7 Softness Values of less than 9 and/or
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less than 8.5 and/or less than 8 and/or less than 7.5 as
measured according to the Softness Test Method described
herein.

Surface Softening Composition

A surface softening composition, for purposes of the
present invention, 1s a composition that improves the tactile
sensation of a surface of a fibrous structure perceived by a
user whom holds a fibrous structure and/or sanitary tissue
product comprising the fibrous structure and rubs 1t across
the user’s skin. Such tactile perceivable soltness can be
characterized by, but 1s not limited to, friction, flexibility,
and smoothness, as well as subjective descriptors, such as a
teeling like lubricious, velvet, silk or flannel.

The surface softening composition may or may not be
transterable. Typically, 1t 1s substantially non-transferable.

The surface softening composition may increase or
decrease the surface friction of the surface of the fibrous
structure, especially the user contacting surface of the
fibrous structure. Typically, the surface softening composi-
tion will reduce the surface iriction of the surface of the
fibrous structure compared to a surface of the fibrous struc-
ture without such surface softening composition.

The surface softening composition comprises a surface
softening agent. The surface soltening composition during
application to the fibrous structure may comprise at least
about 0.1% and/or at least 0.5% and/or at least about 1%
and/or at least about 3% and/or at least about 5% to 100%
and/or to about 98% and/or to about 95% and/or to about
90% and/or to about 80% and/or to about 70% and/or to
about 50% and/or to about 40% by weight of the surface
softening agent. In one example, the surface softening
composition comprises from about 5% to about 40% by
weight of the surface softening agent. In one example, the
surface softening composition comprises a metathesized
unsaturated polyol ester as a surface softening agent.

The surface softening composition present on the fibrous
structure and/or sanitary tissue product comprising the
fibrous structure of the present mvention may comprise at
least about 0.01% and/or at least about 0.05% and/or at least
about 0.1% of total basis weight of the surface softening
agent, for example a metathesized unsaturated polyol ester.
In one example, the fibrous structure and/or sanitary tissue
product may comprise from about 0.01% to about 20%
and/or from about 0.05% to about 15% and/or from about
0.1% to about 10% and/or from about 0.01% to about 3%
and/or from about 0.1% to about 2% of total basis weight of
the surface softening composition.

In one example, the surface soitening composition may be
present on and/or 1n the fibrous structure at a level of at least
1#/ton and/or at least 5#/ton and/or at least 10#/ton and/or at
least 15#/ton.

Surface Softening Agents

TABLE 1

a. Surface Softening Agents

No. Surface Softening Agent

1 A metathesized unsaturated polyol ester, said metathesized
unsaturated polyol ester having one or more of the following
properties:

(1) a weight average molecular weight of from about 5,000 Daltons
to about 50,000 Daltons, from about 5,500 Daltons to about
50,000 Daltons, from about 5,500 Daltons to about 40,000 Daltons,
or from about 6,000 Daltons to about 30,000 Daltons;

(1) an oligomer index from greater than O to 1, from 0.001 to 1,
0.01 to 1, or from 0.05 to 1; and
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10
TABLE 1-continued

a. Surface Softening Agents

No. Surface Softening Agent

(111) an 1odine value of from about 30 to about 200, from about 30
to about 150, from about 30 to about 120, or from about 30 to
about 110.

2 In one aspect, said metathesized unsaturated polyol of ester of
no. 1 of Table 1 has the weight average molecular weight property
from (1) above.

3 In one aspect, said metathesized unsaturated polyol ester of no. 1
of Table 1 has the oligomer index property from (i1) above.

4 In one aspect, said metathesized unsaturated polyol ester of no. 1
of Table 1 has the 1odine value property from (111) above.

5 In one aspect, said metathesized unsaturated polyol ester of no. 1
of Table 1 has the property from (1) and from (11) above.

6 In one aspect, said metathesized unsaturated polyol ester of no. 1
of Table 1 has the properties from (1) and from (i11) above.

7 In one aspect, said metathesized unsaturated polyol ester of no. 1
of Table 1 has the properties from (i1) and from (111) above.

8 In one aspect, said metathesized unsaturated polyol ester of no. 1
of Table 1 has the properties from (1), (11) and from (111) above.

9 In one aspect, said metathesized unsaturated polyol ester of no. 1

of Table 1 has a free hydrocarbon content, based on total weight of

metathesized unsaturated polyol ester, of from about 0% to about

5%, from about 0.1% to about 5%, from about 0.1% to about 4%,

or from about 0.1 to about 3%.

In one aspect, said metathesized unsaturated polyol ester of no. 1

of Table 1 i1s metathesized at least once.

10

TABLE 2

b. Surface Softening Agents

No. Surface Softening Agents

1 A metathesized unsaturated polyol ester, said metathesized
unsaturated polyol ester having a weight average molecular weight
of from about 2,000 Daltons to about 30,000 Daltons, from about
2,500 Daltons to about 50,000 Daltons, from about 3,000 Daltons
to about 40,000 Daltons, from about 3,000 Daltons to about 30,000
Daltons; and one or more of the following properties:

(1) a free hydrocarbon content, based on total weight of
metathesized unsaturated polyol ester, of from about 0% to about
5%, from about 0.1% to about 5%, from about 0.1% to about
4%, or from about 0.1 to about 3%;

(11) an oligomer 1ndex from greater than O to 1, from 0.001 to

1, 0.01 to 1, or from 0.05 to 1; and

(111) an 1odine value of from about 8 to about 200, from about

10 to about 200, from about 20 to about 150, from about 30 to
about 120.

2 In one aspect, said metathesized unsaturated polyol ester of no. 1
of Table 2 has the free hydrocarbon content property from (1)
above.

3 In one aspect, said metathesized unsaturated polyol ester of no. 1
of Table 2 has the oligomer index property from (i1) above.

4 In one aspect, said metathesized unsaturated polyol ester of no. 1
of Table 2 has the 1odine value property from (111) above.

5 In one aspect, said metathesized unsaturated polyol ester of no. 1
of Table 2 has the property from (1) and from (11) above.

6 In one aspect, said metathesized unsaturated polyol ester of no. 1
of Table 2 has the properties from (1) and from (111) above.

7 In one aspect, said metathesized unsaturated polyol ester of no. 1
of Table 2 has the properties from (11) and from (1) above.

8 In one aspect, said metathesized unsaturated polyol ester of no. 1
of Table 2 has the properties from (1), (11) and from (111) above.

9 In one aspect, said metathesized unsaturated polyol ester of no. 1
of Table 2 1s metathesized at least once.

In one aspect, the metathesized unsaturated polyol ester 1s
derived from a natural polyol ester and/or a synthetic polyol
ester, 1n one aspect, said natural polyol ester 1s selected from
the group consisting ol a vegetable o1l, an animal fat, an
algae o1l and mixtures thereof; and said synthetic polyol
ester 15 derived from a material selected from the group
consisting of ethylene glycol, propylene glycol, glycerol,
polyglycerol, polyethylene glycol, polypropvlene glycol,
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poly(tetramethylene ether) glycol, pentaerythritol, dipen-
taerythritol, tripentaerythritol, trimethylolpropane, neopen-
tyl glycol, a sugar, in one aspect, sucrose, and mixtures
thereof.

In one aspect, the metathesized unsaturated polyol ester 1s
selected from the group consisting of metathesized Abys-
sinian oil, metathesized Almond O1l, metathesized Apricot
Oil, metathesized Apricot Kernel oil, metathesized Argan
o1l, metathesized Avocado Oil, metathesized Babassu Oil,
metathesized Baobab Oil, metathesized Black Cumin Oil,
metathesized Black Currant Oi1l, metathesized Borage Oil,
metathesized Camelina o1l, metathesized Carinata o1l,
metathesized Canola oi1l, metathesized Castor o1l, metath-
esized Cherry Kernel Oil, metathesized Coconut o1l, metath-
esized Corn o1l, metathesized Cottonseed o1l, metathesized
Echium Oi1l, metathesized Evening Primrose Oi1l, metath-
esized Flax Seed Oil, metathesized Grape Seed Oil, metath-
esized Grapetfruit Seed Oil, metathesized Hazelnut Oal,
metathesized Hemp Seed Oi1l, metathesized Jatropha oil,
metathesized Jojoba Oi1l, metathesized Kukui Nut Oil,

metathesized Linseed Oi1l, metathesized Macadamia Nut
O1l, metathesized Meadowioam Seed Oi1l, metathesized
Moringa Oil, metathesized Neem Oil, metathesized Olive
O1l, metathesized Palm Oi1l, metathesized Palm Kernel Oil,
metathesized Peach Kernel Oil, metathesized Peanut Oil,
metathesized Pecan Oi1l, metathesized Pennycress oil,
metathesized Perilla Seed Oi1l, metathesized Pistachio Oil,
metathesized Pomegranate Seed Oil, metathesized Ponga-
mia oil, metathesized Pumpkin Seed Oil, metathesized
Raspberry Oil, metathesized Red Palm Olein, metathesized
Rice Bran Oi1l, metathesized Rosehip Oil, metathesized
Safllower O1l, metathesized Seabuckthorn Fruit O1l, metath-
esized Sesame Seed O1l, metathesized Shea Olein, metath-
esized Sunflower Oi1l, metathesized Soybean Oil, metath-
esized Tonka Bean Oil, metathesized Tung O1l, metathesized
Walnut Oil, metathesized Wheat Germ Oi1l, metathesized
High Oleoyl Soybean Oil, metathesized High Oleoyl Sun-

flower O1l, metathesized High Oleoyl Saftflower O1l, metath-
esized High Erucic Acid Rapeseed O1l, and mixtures thereof.
Metathesized Unsaturated Polyol Ester

Exemplary metathesized unsaturated polyol esters and
their starting materials are set forth 1n U.S. Patent Applica-

tions U.S. 2009/0220443 A1, U.S. 2013/0344012 A1 and US
2014/0357714 A1, which are incorporated herein by refer-
ence. A metathesized unsaturated polyol ester refers to the
product obtained when one or more unsaturated polyol ester
ingredient(s) are subjected to a metathesis reaction. Metath-
esi1s 1s a catalytic reaction that involves the interchange of
alkylidene units among compounds containing one or more
double bonds (i.e., olefinic compounds) via the formation
and cleavage of the carbon-carbon double bonds. Metathesis
may occur between two of the same molecules (often
referred to as self-metathesis) and/or 1t may occur between
two diflerent molecules (often referred to as cross-metath-
es1s). Self-metathesis may be represented schematically as
shown 1n Equation 1.

R CH—CH—R*+R' - CH—CH—R°<>R' —

CH—CH—R'+R*—CH—CH—R? (I)

where R" and R” are organic groups.
Cross-metathesis may be represented schematically as
shown 1n Equation H.

R!' CH—CH—R’+R*—CH—CH—R*<>R! —
CH—CH—R’+R! CH—CH R*™R*—
CH—CH—R*+R?  CH—CH— R*R' —
CH—CH—R!'4+R°*—CH—CH—R“+R*—
CH—CH—R’+R*—CH—CH—R* (I1)

where R', R*, R®, and R” are organic groups.
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When a polyol ester comprises molecules having more
than one carbon-carbon double bond, self-metathesis may
result in oligomerization or polymerization of the unsatu-
rates 1n the starting material. For example, Equation C
depicts metathesis oligomerization of a representative spe-
cies (e.g., a polyol ester) having more than one carbon-
carbon double bond. In Equation C, the self-metathesis
reaction results in the formation of metathesis dimers,
metathesis trimers, and metathesis tetramers. Although not
shown, higher order oligomers such as metathesis pentam-
ers, hexamers, heptamers, octamers, nonamers, decamers,
and higher than decamers, and mixtures of two or more
thereof, may also be formed. The number of metathesis
repeating units or groups in the metathesized natural o1l may
range from 1 to about 100, or from 2 to about 50, or from
2 to about 30, or from 2 to about 10, or from 2 to about 4.
The molecular weight of the metathesis dimer may be
greater than the molecular weight of the unsaturated polyol
ester from which the dimer 1s formed. Each of the bonded
polyol ester molecules may be referred to as a “repeating
unit or group.” Typically, a metathesis trimer may be formed
by the cross-metathesis of a metathesis dimer with an
unsaturated polyol ester. Typically, a metathesis tetramer
may be formed by the cross-metathesis of a metathesis
trimer with an unsaturated polyol ester or formed by the
cross-metathesis of two metathesis dimers.

R!' - HC—CH— R’ -HC—CH—R*+R!—
HC—CH—R’—HC—CH—R?<«sR! —
HC—CH—R> HC—CH-—R* HC—CH —
R>+(other products)

(metathesis dimer)

R’ HC—CH-R* HC—CH- R*+R' —
HC—CH—R’—HC—CH—R*’«sR!—
HC—CH— R’ —HC—CH—R?’HC—CH—
R*—HC—CH—R*+(other products)

Rl

(metathesis trimer)

R!' HC—CH—R? -HC—CH—R?’ HC—CH——
R’ HC—CH—R*+R' HC—CH- R?
HC—CH  R*’<»R! HC—CH R’ —
HC—CH—R?>—HC—CH—R?> HC—CH—
R*—HC—CH—R>+(other products)

Equation C

(metathesis tetramer)

where R', R*, and R> are organic groups.

As a starting material, metathesized unsaturated polyol
esters are prepared from one or more unsaturated polyol
esters. As used herein, the term “unsaturated polyol ester”
refers to a compound having two or more hydroxyl groups
wherein at least one of the hydroxyl groups 1s in the form of
an ester and wherein the ester has an organic group including
at least one carbon-carbon double bond. In many embodi-
ments, the unsaturated polyol ester can be represented by the
general structure (1):

0
O
|

R(HO)—R—(0—C—R"),

(O ﬁ R"),
O
where nz=1;
mz=0;
p=0;
(n+m+p)=2;

R 1s an organic group;
R' 1s an organic group having at least one carbon-carbon
double bond; and

R" 1s a saturated organic group.
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In many embodiments of the invention, the unsaturated
polyol ester 1s an unsaturated polyol ester of glycerol.
Unsaturated polyol esters of glycerol have the general
structure (1I):

(11)
CH,—CH—CH,

X Y /

where —X, —Y, and —Z7 are mndependently selected
from the group consisting of:

—_OH; —(O—C(=0)—R"); and —O—C(—0)—
R™);
where —R' 1s an organic group having at least one
carbon-carbon double bond and —R" 1s a saturated
organic group.

In structure (II), at least one of —X, —Y, and —Z 1s
—(O—C(=0)—R").

In some embodiments, R' 1s a straight or branched chain
hydrocarbon having about 30 or less carbon atoms (e.g.,
about 36 or less carbon atoms or about 26 or less carbon
atoms) and at least one carbon-carbon double bond 1n 1ts
chain. In some embodiments, R' 1s a straight or branched
chain hydrocarbon having about 6 carbon atoms or greater
(e.g., about 10 carbon atoms or greater or about 12 carbon
atoms or greater) and at least one carbon-carbon double
bond 1n 1ts chain. In some embodiments, R' may have two
or more carbon-carbon double bonds 1n its chain. In other
embodiments, R' may have three or more double bonds 1n 1ts
chain. In exemplary embodiments, R' has 17 carbon atoms
and 1 to 3 carbon-carbon double bonds 1n its chain. Repre-
sentative examples of R' include:

— (CH,),CH—CH—(CH,),—CHs;

———((:}12)?(:}{Z::(III———(:}{E———(:I{ZZ:(:}{———((:}12)4———
CH,; and

(:I{ZZ:(:I{———(ZIIE———(:}{3.

In some embodiments, R" 1s a saturated straight or
branched chain hydrocarbon having about 50 or less carbon
atoms (e.g., about 36 or less carbon atoms or about 26 or less
carbon atoms). In some embodiments, R" 1s a saturated
straight or branched chain hydrocarbon having about 6
carbon atoms or greater (e.g., about 10 carbon atoms or
greater or about 12 carbon atoms or greater. In exemplary
embodiments, R" has 15 carbon atoms or 17 carbon atoms.

Sources ol unsaturated polyol esters of glycerol include
synthesized oils, natural o1ls (e.g., vegetable oils, algae oils,
bacterial derived oils, and animal fats), combinations of
these, and the like. Recycled used vegetable oils may also be
used. Representative non-limiting examples of vegetable
o1ls mnclude Abyssinian o1l, Almond Oil, Apricot Oil, Apri-
cot Kernel o1l, Argan o1l, Avocado Oil, Babassu Oil, Baobab
Oi1l, Black Cumin Oil, Black Currant Oi1l, Borage Oil,
Camelina o1l, Carinata o1l, Canola o1l, Castor o1l, Cherry
Kernel O1l, Coconut o1l, Corn o1l, Cottonseed o1l, Echium
Oil, Evening Primrose O1l, Flax Seed O1l, Grape Seed Oil,
Grapelruit Seed O1l, Hazelnut O1l, Hemp Seed Oil, Jatropha
o1l, Jojoba Oil, Kuku1 Nut Oil, Linseed O1l, Macadamia Nut
O1l, Meadowioam Seed Oi1l, Moringa Oil, Neem Oil, Olive
O1l, Palm O1l, Palm Kernel Oi1l, Peach Kernel Oil, Peanut
Oi1l, Pecan Oil, Pennycress o1l, Perilla Seed Oil, Pistachio
Oil, Pomegranate Seed Oil, Pongamia oi1l, Pumpkin Seed
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Oil, Raspberry O1l, Red Palm Olein, Rice Bran Oil, Rosehip
O1l, Saftflower O1l, Seabuckthorn Fruit O1l, Sesame Seed O1l,
Shea Olein, Suntflower O1l, Soybean Oil, Tonka Bean Oil,
Tung O1l, Walnut O1l, Wheat Germ O1l, High Oleoyl Soy-
bean O1l, High Oleoyl Sunflower Oil, High Oleoyl Safflower
Oi1l, High Erucic Acid Rapeseed O1l, combinations of these,
and the like. Representative non-limiting examples of ani-
mal fats include lard, tallow, chicken fat, yellow grease, fish
o1l, emu o1l, combinations of these, and the like. A repre-
sentative non-limiting example of a synthesized o1l includes
tall o1l, which 1s a byproduct of wood pulp manufacture. In
some embodiments, the natural oil 1s refined, bleached,
and/or deodorized.

Other examples of unsaturated polyol esters include esters
such as those derived from ethylene glycol or propylene
glycol, polyethylene glycol, polypropylene glycol, or poly
(tetramethylene ether) glycol, esters such as those derived
from pentaerythritol, dipentaerythritol, tripentaerythritol,
trimethylolpropane, or neopentyl glycol, or sugar esters such
as SEFOSE®. Sugar esters such as SEFOSE® 1nclude one
or more types of sucrose polyesters, with up to eight ester
groups that could undergo a metathesis exchange reaction.
Sucrose polyesters are derived from a natural resource and
therefore, the use of sucrose polyesters can result 1 a
positive environmental impact. Sucrose polyesters are poly-
ester materials, having multiple substitution positions
around the sucrose backbone coupled with the chain length,
saturation, and derivation variables of the fatty chains. Such
sucrose polyesters can have an esterification (“IBAR”) of
greater than about 5. In one embodiment the sucrose poly-
ester may have an IBAR of from about 5 to about 8. In
another embodiment the sucrose polyester has an IBAR of
about 5-7, and 1n another embodiment the sucrose polyester
has an IBAR of about 6. In yet another embodiment the
sucrose polyester has an IBAR of about 8. As sucrose
polyesters are derived from a natural resource, a distribution
in the IBAR and chain length may exist. For example a
sucrose polyester having an IBAR of 6, may contain a
mixture of mostly IBAR of about 6, with some IBAR of
about 5 and some IBAR of about 7. Additionally, such
sucrose polyesters may have a saturation or i1odine value
(“IV”) of about 3 to about 140. In another embodiment the
sucrose polyester may have an IV of about 10 to about 120.
In yet another embodiment the sucrose polyester may have
an IV of about 20 to 100. Further, such sucrose polyesters
have a chain length of about C,, to C,, but are not limited
to these chain lengths.

Non-limiting examples of sucrose polyesters suitable for
se 1nclude SEFOSE® 1618S, SEFOSE® 1618U,

EFOSE® 1618H, Sefa Soyate IMF 40, Sefa Soyate LP426,
EFOSE® 2275, SEFOSE® (C1695, SEFOSE® (C18:0 95,
SEFOSE® (C1495, SEFOSE® 1618H B6, SEFOSE® 1618S
B6, SEFOSE® 1618U B6, Sefa Cottonate, SEFOSE®
C12935, Sefa C895, Sefa C1095, SEFOSE® 1618S B4.5, all
availlable from The Procter and Gamble Co. of Cincinnati,
Ohio.

Other examples of suitable polyol esters may include but
not be limited to sorbitol esters, maltitol esters, sorbitan
esters, maltodextrin derived esters, xylitol esters, polyglyc-
erol esters, and other sugar derived esters.

Natural oils of the type described herein typically are
composed of triglycerides of fatty acids. These fatty acids
may be either saturated, monounsaturated or polyunsatu-
rated and contain varying chain lengths ranging from Cs to
C;o. The most common fatty acids include saturated fatty
acids such as lauric acid (dodecanoic acid), myristic acid
(tetradecanoic acid), palmitic acid (hexadecanoic acid),

u
S
S

L] L) (Ll




US 10,479,960 B2

15

stearic acid (octadecanoic acid), arachidic acid (eicosanoic
acid), and lignoceric acid (tetracosanoic acid); unsaturated
acids mnclude such fatty acids as palmitoleic (a C,  acid), and
oleic acid (a C,, acid); polyunsaturated acids include such
fatty acids as linoleic acid (a di-unsaturated C,, acid),
linolenic acid (a tri-unsaturated C, . acid), and arachidonic
acid (a tetra-unsubstituted C,, acid). The natural oils are
turther comprised of esters of these fatty acids in random
placement onto the three sites of the trifunctional glycerine
molecule. Diflerent natural oils will have different ratios of
these fatty acids, and within a given natural o1l there 1s a
range of these acids as well depending on such factors as
where a vegetable or crop 1s grown, maturity of the veg-
ctable or crop, the weather during the growing season, etc.
Thus, 1t 1s diflicult to have a specific or unique structure for
any given natural oil, but rather a structure 1s typically based
on some statistical average. For example soybean o1l con-
tains a mixture of stearic acid, oleic acid, linoleic acid, and
linolenic acid 1n the ratio of 15:24:50:11, and an average
number of double bonds of 4.4-4.7 per triglyceride. One
method of quantitying the number of double bonds 1s the
iodine value (IV) which is defined as the number of grams
of 10dine that will react with 100 grams of o1l. Therefore for
soybean o1l, the average 1odine value range 1s from 120-140.
Soybean o1l may comprises about 95% by weight or greater
(e.g., 99% weight or greater) triglycerides of fatty acids.
Major fatty acids in the polyol esters of soybean o1l include
saturated fatty acids, as a non-limiting example, palmaitic
acid (hexadecanoic acid) and stearic acid (octadecanoic
acid), and unsaturated fatty acids, as a non-limiting example,
oleic acid (9-octadecenoic acid), linoleic acid (9,12octa-
decadienoic acid), and linolemic acid (9,12,15-octadeca-
trienoic acid).

In an exemplary embodiment, the vegetable o1l 1s canola
oil, for example, refined, bleached, and deodorized canola
o1l (1.e., RBD canola o1l). Canola o1l 1s an unsaturated polyol
ester of glycerol that typically comprises about 95% weight
or greater (e.g., 99% weight or greater) triglycerides of fatty
acids. Major fatty acids in the polyol esters of canola oil
include saturated fatty acids, for example, palmitic acid
(hexadecanoic acid) and stearic acid (octadecanoic acid),
and unsaturated fatty acids, for example, oleic acid (9-oc-
tadecenoic acid), linoleic acid (9,12-octadecadienoic acid),
and linolenic acid (9,12,15-octadecatrienoic acid). Canola
o1l 1s a highly unsaturated vegetable o1l with many of the
triglyceride molecules having at least two unsaturated fatty
acids (1.e., a polyunsaturated triglyceride).

In exemplary embodiments, an unsaturated polyol ester 1s
self-metathesized 1n the presence of a metathesis catalyst to
form a metathesized composition. Typically, after metathesis
has occurred, the metathesis catalyst 1s removed from the
resulting product. One method of removing the catalyst 1s
treatment of the metathesized product with clay. In many
embodiments, the metathesized composition comprises one
or more of: metathesis monomers, metathesis dimers,
metathesis trimers, metathesis tetramers, metathesis pentam-
ers, and higher order metathesis oligomers (e.g., metathesis
hexamers). A metathesis dimer refers to a compound formed
when two unsaturated polyol ester molecules are covalently
bonded to one another by a self-metathesis reaction. In many
embodiments, the molecular weight of the metathesis dimer
1s greater than the molecular weight of the individual
unsaturated polyol ester molecules from which the dimer 1s
formed. A metathesis trimer refers to a compound formed
when three unsaturated polyol ester molecules are cova-
lently bonded together by metathesis reactions. In many
embodiments, a metathesis trimer 1s formed by the cross-
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metathesis of a metathesis dimer with an unsaturated polyol
ester. A metathesis tetramer refers to a compound formed
when four unsaturated polyol ester molecules are covalently
bonded together by metathesis reactions. In many embodi-
ments, a metathesis tetramer 1s formed by the cross-metath-
es1s o a metathesis trimer with an unsaturated polyol ester.
Metathesis tetramers may also be formed, for example, by
the cross-metathesis of two metathesis dimers. Higher order
metathesis products may also be formed. For example,
metathesis pentamers and metathesis hexamers may also be
formed. The seli-metathesis reaction also results 1n the
formation of internal olefin compounds that may be linear or
cyclic. If the metathesized polyol ester 1s fully or partially
hydrogenated, the linear and cyclic olefins would typically
be fully or partially converted to the corresponding saturated
linear and cyclic hydrocarbons. The linear/cyclic olefins and
saturated linear/cyclic hydrocarbons may remain in the
metathesized polyol ester or they may be removed or
partially removed from the metathesized polyol ester using
one or more known stripping techniques, including but not
limited to wipe film evaporation, falling film evaporation,
rotary evaporation, steam stripping, vacuum distillation, etc.

In some embodiments, the unsaturated polyol ester 1s
partially hydrogenated before being metathesized. For
example, in some embodiments, the unsaturated polyol ester
1s partially hydrogenated to achieve an 1odine value (IV) of
about 120 or less before subjecting the partially hydroge-
nated polyol ester to metathesis.

In some embodiments, the unsaturated polyol ester may
be hydrogenated (e.g., fully or partially hydrogenated) in
order to improve the stability of the oil or to modily 1its
viscosity or other properties. Representative techniques for
hydrogenating unsaturated polyol esters are known 1n the art
and are discussed herein.

In some embodiments, the natural o1l 1s winterized. Win-
terization refers to the process of: (1) removing waxes and
other non-triglyceride constituents, (2) removing naturally
occurring high-melting triglycerides, and (3) removing high-
melting triglycerides formed during partial hydrogenation.
Winterization may be accomplished by known methods
including, for example, cooling the o1l at a controlled rate 1n
order to cause crystallization of the higher melting compo-
nents that are to be removed from the oil. The crystallized
high melting components are then removed from the o1l by
filtration resulting in winterized o1l. Winterized soybean o1l
1s commercially available from Cargill, Incorporated (Min-
neapolis, Minn.).

In other embodiments, the metathesized unsaturated
polyol esters can be used as a blend with one or more fabric
care benefit agents and/or fabric softenming actives.

Method of Making Metathesized Unsaturated Polyol Ester

The self-metathesis of unsaturated polyol esters 1s typi-
cally conducted 1n the presence of a catalytically effective
amount of a metathesis catalyst. The term “metathesis
catalyst” includes any catalyst or catalyst system that cata-
lyzes a metathesis reaction. Any known or future-developed
metathesis catalyst may be used, alone or in combination
with one or more additional catalysts. Suitable homoge-
neous metathesis catalysts include combinations of a tran-
sition metal halide or oxo-halide (e.g., WOCI, or WCl,) with
an alkylating cocatalyst (e.g., Me,Sn), or alkylidene (or
carbene) complexes of transition metals, particularly Ru or
W. These 1nclude first and second-generation Grubbs cata-
lysts, Grubbs-Hoveyda catalysts, and the like. Suitable alky-
lidene catalysts have the general structure:

M[x'X*L'L*(L?%), ]=C,,—C(R"HR?
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where M is a Group 8 transition metal, L', L., and L° are
neutral electron donor ligands, n is O (such that L> may not
be present) or 1, m is 0, 1, or 2, X' and X* are anionic
ligands, and R and R” are independently selected from H,
hydrocarbyl, substituted hydrocarbyl, heteroatom-contain-
ing hydrocarbyl, substituted heteroatom-containing hydro-
carbyl, and functional groups. Any two or more of X", X~,
L', L% L° R'and R* can form a cyclic group and any one
of those groups can be attached to a support.

First-generation Grubbs catalysts fall into this category
where m=n=0 and particular selections are made for n, X',
X*, L', L L°, R' and R? as described in U.S. Pat. Appl.
Publ. No. 2010/0145086, the teachings of which related to
all metathesis catalysts are incorporated herein by reference.

Second-generation Grubbs catalysts also have the general
formula described above, but L' is a carbene ligand where
the carbene carbon 1s flanked by N, O, S, or P atoms,
preferably by two N atoms. Usually, the carbene ligand 1s
part of a cyclic group. Examples of suitable second-genera-
tion Grubbs catalysts also appear 1n the 086 publication.

In another class of suitable alkylidene catalysts, L' is a
strongly coordinating neutral electron donor as 1n first- and
second-generation Grubbs catalysts, and L* and L° are
weakly coordinating neutral electron donor ligands 1n the
form of optionally substituted heterocyclic groups. Thus, L
and L° are pyridine, pyrimidine, pyrrole, quinoline, thio-
phene, or the like.

In yet another class of suitable alkylidene catalysts, a pair
ol substituents 1s used to form a bi- or tridentate ligand, such
as a biphosphine, dialkoxide, or alkyldiketonate. Grubbs-
Hoveyda catalysts are a subset of this type of catalyst 1n
which L* and R” are linked. Typically, a neutral oxygen or
nitrogen coordinates to the metal while also being bonded to
a carbon that 1s a-, -, or y- with respect to the carbene
carbon to provide the bidentate ligand. Examples of suitable
Grubbs-Hoveyda catalysts appear 1n the 086 publication.

The structures below provide just a few illustrations of
suitable catalysts that may be used:
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An immobilized catalyst can be used for the metathesis
process. An immobilized catalyst 1s a system comprising a
catalyst and a support, the catalyst associated with the
support. Exemplary associations between the catalyst and
the support may occur by way of chemical bonds or weak
interactions (e.g. hydrogen bonds, donor acceptor interac-
tions) between the catalyst, or any portions thereof, and the
support or any portions thereof. Support 1s mntended to
include any material suitable to support the catalyst. Typi-
cally, immobilized catalysts are solid phase catalysts that act
on liqud or gas phase reactants and products. Exemplary
supports are polymers, silica or alumina. Such an 1immobi-
lized catalyst may be used 1n a flow process. An immobilized
catalyst can simplily purification of products and recovery
of the catalyst so that recycling the catalyst may be more
convenient.

In certain embodiments, prior to the metathesis reaction,
the unsaturated polyol ester feedstock may be treated to
render the natural oil more suitable for the subsequent
metathesis reaction. In one embodiment, the treatment of the
unsaturated polyol ester mvolves the removal of catalyst
poisons, such as peroxides, which may potentially diminish
the activity of the metathesis catalyst. Non-limiting
examples of unsaturated polyol ester feedstock treatment

methods to diminish catalyst poisons include those
described 1n PCT/US2008/09604, PCT/US2008/09635, and

U.S. patent application Ser. Nos. 12/672,651 and 12/672,
652, herein incorporated by reference 1n their entireties. In
certain embodiments, the unsaturated polyol ester feedstock
1s thermally treated by heating the feedstock to a tempera-
ture greater than 100° C. in the absence of oxygen and held
at the temperature for a time suflicient to diminish catalyst
poisons 1n the feedstock. In other embodiments, the tem-
perature 1s between approximately 100° C. and 300° C.,
between approximately 120° C. and 250° C., between
approximately 150° C. and 210° C., or approximately
between 190 and 200° C. In one embodiment, the absence of
oxygen 1s achieved by sparging the unsaturated polyol ester
teedstock with nitrogen, wherein the nitrogen gas 1s pumped
into the feedstock treatment vessel at a pressure of approxi-
mately 10 atm (150 psig).

In certain embodiments, the unsaturated polyol ester
teedstock 1s chemically treated under conditions suflicient to
diminish the catalyst poisons 1n the feedstock through a
chemical reaction of the catalyst poisons. In certain embodi-
ments, the feedstock 1s treated with a reducing agent or a
cation-norganic base composition. Non-limiting examples
of reducing agents include bisulfate, borohydride, phos-
phine, thiosulfate, and combinations thereof.

In certain embodiments, the unsaturated polyol ester
feedstock 1s treated with an adsorbent to remove catalyst
poisons. In one embodiment, the feedstock 1s treated with a
combination of thermal and adsorbent methods. In another
embodiment, the feedstock is treated with a combination of
chemical and adsorbent methods. In another embodiment,
the treatment involves a partial hydrogenation treatment to
modily the unsaturated polyol ester feedstock’s reactivity
with the metathesis catalyst. Additional non-limiting
examples of feedstock treatment are also described below
when discussing the various metathesis catalysts.

In certain embodiments, a ligand may be added to the
metathesis reaction mixture. In many embodiments using a
ligand, the ligand 1s selected to be a molecule that stabilizes
the catalyst, and may thus provide an increased turnover
number for the catalyst. In some cases the ligand can alter
reaction selectivity and product distribution. Examples of
ligands that can be used include Lewsis base ligands, such as,
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without limitation, trialkylphosphines, for example tricyclo-
hexylphosphine and tributyl phosphine; triarylphosphines,
such as triphenylphosphine; diarylalkylphosphines, such as,
diphenylcyclohexylphosphine; pyridines, such as 2,6-dim-
cthylpyridine, 2.,4,6-trimethylpyridine; as well as other
Lewis basic ligands, such as phosphine oxides and phos-
phinites. Additives may also be present during metathesis
that increase catalyst lifetime.

Any useful amount of the selected metathesis catalyst can
be used 1n the process. For example, the molar ratio of the
unsaturated polyol ester to catalyst may range from about

5:1 to about 10,000,000:1 or from about 50:1 to 500,000:1.

In some embodiments, an amount of about 1 to about 10
ppm, or about 2 ppm to about 5 ppm, of the metathesis
catalyst per double bond of the starting composition (1.e., on
a mole/mole basis) 1s used.

In some embodiments, the metathesis reaction 1s cata-
lyzed by a system contaiming both a transition and a non-
transition metal component. The most active and largest
number of catalyst systems are derived from Group VI A
transition metals, for example, tungsten and molybdenum.

Multiple, sequential metathesis reaction steps may be
employed. For example, the metathesized unsaturated
polyol ester product may be made by reacting an unsaturated
polyol ester in the presence of a metathesis catalyst to form
a first metathesized unsaturated polyol ester product. The
first metathesized unsaturated polyol ester product may then
be reacted 1 a self-metathesis reaction to form another
metathesized unsaturated polyol ester product. Alternatively,
the first metathesized unsaturated polyol ester product may
be reacted 1n a cross-metathesis reaction with a unsaturated
polyol ester to form another metathesized unsaturated polyol
ester product. Also in the alternative, the transesterified
products, the olefins and/or esters may be further metath-
esized 1n the presence of a metathesis catalyst. Such multiple
and/or sequential metathesis reactions can be performed as
many times as needed, and at least one or more times,
depending on the processing/compositional requirements as
understood by a person skilled 1n the art. As used herein, a
“metathesized unsaturated polyol ester product”™ may
include products that have been once metathesized and/or
multiply metathesized. These procedures may be used to
form metathesis dimers, metathesis trimers, metathesis
tetramers, metathesis pentamers, and higher order metath-
esis oligomers (e.g., metathesis hexamers, metathesis hep-
tamers, metathesis octamers, metathesis nonamers, metath-
es1s decamers, and higher than metathesis decamers). These
procedures can be repeated as many times as desired (for
example, from 2 to about 50 times, or from 2 to about 30
times, or from 2 to about 10 times, or from 2 to about 5
times, or from 2 to about 4 times, or 2 or 3 times) to provide
the desired metathesis oligomer or polymer which may
comprise, for example, from 2 to about 100 bonded groups,
or from 2 to about 50, or from 2 to about 30, or from 2 to
about 10, or from 2 to about 8, or from 2 to about 6 bonded
groups, or from 2 to about 4 bonded groups, or from 2 to
about 3 bonded groups. In certain embodiments, 1t may be
desirable to use the metathesized unsaturated polyol ester
products produced by cross metathesis of an unsaturated
polyol ester, or blend of unsaturated polyol esters, with a
C2-C100 olefin, as the reactant in a self-metathesis reaction
to produce another metathesized unsaturated polyol ester
product. Alternatively, metathesized products produced by
cross metathesis of an unsaturated polyol ester, or blend of
unsaturated polyol esters, with a C2-C100 olefin can be
combined with an unsaturated polyol ester, or blend of
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unsaturated polyol esters, and further metathesized to pro-
duce another metathesized unsaturated polyol ester product.

The metathesis process can be conducted under any
conditions adequate to produce the desired metathesis prod-
ucts. For example, stoichiometry, atmosphere, solvent, tem-
perature, and pressure can be selected by one skilled 1n the
art to produce a desired product and to minimize undesirable
byproducts. The metathesis process may be conducted under
an nert atmosphere. Similarly, 11 a reagent 1s supplied as a
gas, an inert gaseous diluent can be used. The inert atmo-
sphere or inert gaseous diluent typically 1s an inert gas,
meaning that the gas does not interact with the metathesis
catalyst to substantially impede catalysis. For example,
particular 1nert gases are selected from the group consisting,
of helium, neon, argon, nitrogen, individually or in combi-
nations thereof.

In certain embodiments, the metathesis catalyst 1s dis-
solved 1n a solvent prior to conducting the metathesis
reaction. In certain embodiments, the solvent chosen may be
selected to be substantially inert with respect to the metath-
esis catalyst. For example, substantially inert solvents
include, without limitation, aromatic hydrocarbons, such as
benzene, toluene, xylenes, etc.; halogenated aromatic hydro-
carbons, such as chlorobenzene and dichlorobenzene; ali-
phatic solvents, including pentane, hexane, heptane, cyclo-
hexane, etc.; and chlorinated alkanes, such as
dichloromethane, chloroform, dichloroethane, etc. In one
particular embodiment, the solvent comprises toluene. The
metathesis reaction temperature may be a rate-controlling
variable where the temperature 1s selected to provide a
desired product at an acceptable rate. In certain embodi-
ments, the metathesis reaction temperature 1s greater than
about —40° C., greater than about -20° C., greater than about
0° C., or greater than about 10° C. In certain embodiments,
the metathesis reaction temperature 1s less than about 150°

C., or less than about 120° C. In one embodiment, the
metathesis reaction temperature 1s between about 10° C. and
about 120° C.

The metathesis reaction can be run under any desired
pressure. Typically, it will be desirable to maintain a total
pressure that 1s high enough to keep the cross-metathesis
reagent in solution. Therefore, as the molecular weight of the
cross-metathesis reagent increases, the lower pressure range
typically decreases since the boiling point of the cross-
metathesis reagent increases. The total pressure may be
selected to be greater than about 0.1 atm (10 kPa), 1n some
embodiments greater than about 0.3 atm (30 kPa), or greater
than about 1 atm (100 kPa).

Typically, the reaction pressure 1s no more than about 70
atm (7000 kPa), 1n some embodiments no more than about
30 atm (3000 kPa). A non-limiting exemplary pressure range
for the metathesis reaction 1s from about 1 atm (100 kPa) to
about 30 atm (3000 kPa). In certain embodiments it may be
desirable to run the metathesis reactions under an atmo-
sphere of reduced pressure. Conditions of reduced pressure
or vacuum may be used to remove olefins as they are
generated 1n a metathesis reaction, thereby driving the
metathesis equilibrium towards the formation of less volatile
products. In the case of a self-metathesis of a natural oil,
reduced pressure can be used to remove Cu or lighter olefins
including, but not limited to, hexene, nonene, and dodecene,
as well as byproducts including, but not limited to cyclo-
hexa-diene and benzene as the metathesis reaction proceeds.
The removal of these species can be used as a means to drive
the reaction towards the formation of diester groups and
cross linked triglycerides.
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Hydrogenation:

In some embodiments, the unsaturated polyol ester 1s
partially hydrogenated before it 1s subjected to the metath-
es1s reaction. Partial hydrogenation of the unsaturated polyol
ester reduces the number of double bonds that are available
for 1n the subsequent metathesis reaction. In some embodi-
ments, the unsaturated polyol ester 1s metathesized to form
a metathesized unsaturated polyol ester, and the metath-
esized unsaturated polyol ester 1s then hydrogenated (e.g.,
partially or fully hydrogenated) to form a hydrogenated
metathesized unsaturated polyol ester.

Hydrogenation may be conducted according to any
known method for hydrogenating double bond-containing,
compounds such as vegetable oils. In some embodiments,
the unsaturated polyol ester or metathesized unsaturated
polyol ester 1s hydrogenated i1n the presence of a nickel
catalyst that has been chemically reduced with hydrogen to
an active state. Commercial examples of supported nickel
hydrogenation catalysts include those available under the
trade designations “NYSOFACT”, “NYSOSEL”, and “NI
5248 D” (from Englehard Corporation, Iselin, N.H.). Addi-
tional supported nickel hydrogenation catalysts include
those commercially available under the trade designations

“PRICAT 99107, “PRICAT 9920, “PRICAT 9908, “PRI-
CAT 9936” (from Johnson Matthey Catalysts, Ward Hill,
Mass.).

In some embodiments, the hydrogenation catalyst com-
prising, for example, nickel, copper, palladium, platinum,
molybdenum, 1ron, ruthenium, osmium, rhodium, or
iridium. Combinations of metals may also be used. Usetul
catalyst may be heterogeneous or homogeneous. In some
embodiments, the catalysts are supported nickel or sponge
nickel type catalysts.

In some embodiments, the hydrogenation catalyst com-
prises nickel that has been chemically reduced with hydro-
gen to an active state (1.e., reduced nickel) provided on a
support. In some embodiments, the support comprises
porous silica (e.g., kieselguhr, infusonial, diatomaceous, or
siliceous earth) or alumina. The catalysts are characterized
by a high nickel surface area per gram of nickel.

In some embodiments, the particles of supported nickel
catalyst are dispersed in a protective medium comprising
hardened triacylglyceride, edible o1l, or tallow. In an exem-
plary embodiment, the supported nickel catalyst 1s dispersed
in the protective medium at a level of about 22 wt. % nickel.

Hydrogenation may be carried out 1n a batch or 1n a
continuous process and may be partial hydrogenation or
complete hydrogenation. In a representative batch process, a
vacuum 1s pulled on the headspace of a stirred reaction
vessel and the reaction vessel 1s charged with the material to
be hydrogenated (e.g., RBD soybean o1l or metathesized
RBD soybean o1l). The material 1s then heated to a desired
temperature. Typically, the temperature ranges from about
50 deg. C. to 350 deg. C., for example, about 100 deg. C. to
300 deg. C. or about 150 deg. C. to 250 deg. C. The desired
temperature may vary, for example, with hydrogen gas
pressure. Typically, a higher gas pressure will require a
lower temperature. In a separate container, the hydrogena-
tion catalyst 1s weighed into a mixing vessel and 1s slurried
in a small amount of the material to be hydrogenated (e.g.,
RBD soybean o1l or metathesized RBD soybean o1l). When
the material to be hydrogenated reaches the desired tem-
perature, the slurry of hydrogenation catalyst 1s added to the
reaction vessel. Hydrogen gas i1s then pumped into the
reaction vessel to achieve a desired pressure of H2 gas.
Typically, the H2 gas pressure ranges from about 15 to 3000
psig, for example, about 15 psig to 90 psig. As the gas
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pressure increases, more specialized high-pressure process-
ing equipment may be required. Under these conditions the
hydrogenation reaction begins and the temperature 1s
allowed to increase to the desired hydrogenation tempera-
ture (e.g., about 120 deg. C. to 200 deg. C.) where it 1s
maintained by cooling the reaction mass, for example, with
cooling coils. When the desired degree of hydrogenation 1s
reached, the reaction mass 1s cooled to the desired filtration
temperature.

The amount of hydrogenation catalysts 1s typically
selected 1 view of a number of factors including, for
example, the type of hydrogenation catalyst used, the
amount of hydrogenation catalyst used, the degree of
unsaturation in the material to be hydrogenated, the desired
rate of hydrogenation, the desired degree of hydrogenation
(e.g., as measure by 1odine value (N)), the punity of the
reagent, and the H2 gas pressure. In some embodiments, the
hydrogenation catalyst 1s used in an amount of about 10 wt.
% or less, for example, about 5 wt. % or less or about 1 wt.
% or less.

After hydrogenation, the hydrogenation catalyst may be
removed from the hydrogenated product using known tech-
niques, for example, by filtration. In some embodiments, the
hydrogenation catalyst 1s removed using a plate and frame
filter such as those commercially available from Sparkler
Filters, Inc., Conroe Tex. In some embodiments, the filtra-
tion 1s performed with the assistance of pressure or a
vacuum. In order to improve filtering performance, a filter
aid may be used. A filter aid may be added to the metath-
esized product directly or 1t may be applied to the filter.
Representative examples of filtering aids include diatoma-
ceous earth, silica, alumina, and carbon. Typically, the
filtering aid 1s used in an amount of about 10 wt. % or less,
for example, about 5 wt. % or less or about 1 wt. % or less.
Other filtering techniques and filtering aids may also be
employed to remove the used hydrogenation catalyst. In
other embodiments the hydrogenation catalyst 1s removed
using centrifugation followed by decantation of the product.
Additional Surface Softening Agents

In addition to the metathesized unsaturated polyol ester,
other non-limiting examples of suitable surface softening
agents that can be present in the surface softening compo-
sition of the present invention can be selected from the group
consisting of: polymers such as polyethylene and derivatives
thereof, hydrocarbons, waxes, oils, silicones, organosili-
cones (01l compatible), quaternary ammonium compounds,
fluorocarbons, substituted C, ,-C,, alkanes, substituted C, -
C,,alkenes, 1n particular derivatives of fatty alcohols and
fatty acids (such as fatty acid amides, fatty acid condensates
and fatty alcohol condensates), polyols, dertvatives of poly-
ols (such as esters and ethers), sugar derivatives (such as
cthers and esters), polyglycols (such as polyethyleneglycol)
and mixtures thereof.

In one example, the surface softening composition of the
present mvention 1s a microemulsion and/or a macroemul-
sion of a surface softening agent (for example an amino-
functional polydimethylsiloxane, specifically an aminoeth-
ylaminopropyl polydimethylsiloxane) in water. In such an
example, the concentration of the surface softening agent
within the surface softening composition may be from about
3% to about 60% and/or from about 4% to about 50% and/or
from about 5% to about 40%. Non-limiting examples of
such microemulsions are commercially available from
Wacker Chemie (MR1003, MR103, MR102).

A non-limiting example of such a macroemulsion 1is
commercially available from Momentive, Columbus, Ohio

(CM849).
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Non-limiting examples of suitable waxes may be selected
from the group consisting of: paraflin, polyethylene waxes,
beeswax and mixtures thereof.

Non-limiting examples of suitable oils may be selected
from the group consisting of: mineral oil, silicone oil,
silicone gels, petrolatum and mixtures thereof.

Non-limiting examples of suitable silicones may be
selected from the group consisting of: polydimethylsilox-
anes, aminosilicones, cationic silicones, quaternary sili-
cones, silicone betaines and mixtures thereof.

Non-limiting examples of suitable polysiloxanes and/or
monomeric/oligomeric units may be selected from the com-
pounds having monomeric siloxane units of the following
structure:

R]
éi—O

(1]
wherein, R' and R2, for each independent siloxane mono-
meric unit can each independently be hydrogen or any alkyl,
aryl, alkenyl, alkaryl, arakyl, cycloalkyl, halogenated hydro-
carbon, or other radical. Any of such radical can be substi-
tuted or unsubstituted. R* and R” radicals of any particular
monomeric unit may differ from the corresponding func-
tionalities of the next adjoining monomeric unit. Addition-
ally, the polysiloxane can be either a straight chain, a
branched chain or have a cyclic structure. The radicals R’
and R* can additionally independently be other silaceous
functionalities such as, but not limited to siloxanes, polysi-
loxanes, silanes, and polysilanes. The radicals R' and R’
may contain any of a variety ol organic functionalities
including, for example, alcohol, carboxylic acid, phenyl, and
amine functionalities. The end groups can be reactive
(alkoxy or hydroxyl) or nonreactive (trimethylsiloxy). The
polymer can be branched or unbranched.

In one example, suitable polysiloxanes include straight

chain organopolysiloxane materials of the following general
formula:

wherein each R'-R” radical can independently be any
C,-C,, unsubstituted alkyl or aryl radical, and R'® of any
substituted C,-C,, alkyl or aryl radical. In one example,
each R'-R” radical is independently any C, -C, unsubstituted
alkyl group. Those skilled 1n the art will recognize that
technically there is no difference whether, for example, R” or
R' is the substituted radical. In another example, the mole
ratio of b to (a+b) 1s between 0 and about 20% and/or
between 0 and about 10% and/or between about 1% and
about 5%.

A non-limiting example of a cationic silicone polymer
that can be used as a surface softeming agent comprises one
or more polysiloxane units, preferably polydimethylsiloxane
units of formula —{(CH,),SiO}_— having a degree of
polymerization, ¢, of from about 1 to about 1000 and/or from
about 20 to about 500 and/or from about 50 to about 300
and/or from about 100 to about 200, and organosilicone-iree
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units comprising at least one diquatemary unit. In one
example, the cationic silicone polymer has from about 0.05
to about 1.0 and/or from about 0.2 to about 0.95 and/or from
about 0.5 to about 0.9 mole fraction of the organosilicone-
free units selected from cationic divalent organic moieties.
The cationic divalent organic moiety may be selected from
N,N,N"N'-tetramethyl-1,6-hexanediammonium units.

The cationic silicone polymer may contain from about O
to about 0.95 and/or from about 0.001 to about 0.5 and/or
from about 0.05 to about 0.2 mole fraction of the total of
organosilicone-free units, polyalkyleneoxide amines of the
following formula:

[—Y—O(—C,H5,0),—Y—]

wherein Y 1s a divalent organic group comprising a second-
ary or tertiary amine, such as a C, to C, alkylenamine
residue; a 1s from 2 to 4, and b 1s from 0 to 100.

Such polyalkyleneoxide amine—containing units can be
obtained by introducing in the silicone polymer structure,
compounds such as those sold under the tradename Jeflam-
ine® from Huntsman Corporation. A preferred Jeflamine 1s
Jeflamine ED-2003.

The cationic silicone polymer may contain from about O
and/or from about 0.001 to about 0.2 mole fraction, of the
total of organosilicone-iree units, of —NR;+ wherein R 1s
alkyl, hydroxyalkyl or phenyl. These units can be thought of
as end-caps.

Moreover the cationic silicone polymer generally con-
tains amions, selected from norganic and organic anions.

A non-limiting example of a cationic silicone polymer
comprises one or more polysiloxane units and one or more
quaternary nitrogen moieties, and includes polymers
wherein the cationic silicone polymer has the formula:

R] li‘l Rl
7Z—X~0C,H, 9+ R*+-SiO ?iO Si—R?CH,,05+—X-Z | naA
R' /\R’ / R

wherein:

R' is independently selected from the group consisting of:
C,,, alkyl, C,,, alkenyl, C.,, alkylaryl, aryl,
cycloalkyl, and mixtures thereof;

R” is independently selected from the group consisting of:
divalent organic moieties that may contain one or more
oxygen atoms (such moieties preferably consist essen-
tially of C and H or of C, H and O);

X 1s independently selected from the group consisting of
ring-opened epoxides;

R is independently selected from polyether groups hav-
ing the formula:

—M : (CaHEQO) E?—ME

wherein M is a divalent hydrocarbon residue; M~ is
independently selected from the group consisting of H,
C,,, alkyl, C,,, alkenyl, C.,, alkylaryl, aryl,
cycloalkyl, C,_,, hydroxyalkyl, polyalkyleneoxide,
(poly)alkoxy alkyl, and mixtures thereof;

7. 1s independently selected from the group consisting of
monovalent organic moieties comprising at least one
quaternized nitrogen atom;

a 1s from 2 to 4; b 1s from 0 to 100; ¢ 1s from 1 to 1000
and/or greater than 20 and/or greater than 50 and/or less

than 500 and/or less than 300 and/or from 100 to 200:
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d 1s from O to 100; n 1s the number of positive charges
associated with the cationic silicone polymer, which 1s
greater than or equal to 2; and A 1s a monovalent anion.

Another non-limiting example of a cationic silicone poly-

mer comprises one or more polysiloxane units and one or
more quaternary nitrogen moieties, and includes polymers
wherein the cationic silicone polymer has the formula:

/RI \
I ‘
R'=1—810

\x /

/Rl R!
|

S10

|
8 1
\R /R

wherein:

R' is independently selected from the group consisting of:
C,,, alkyl, C,,, alkenyl, C.,, alkylaryl, aryl,
cycloalkyl, and mixtures thereof;

R” is independently selected from the group consisting of:
divalent organic moieties that may contain one or more
oxygen atoms;

X 1s independently selected from the group consisting of

ring-opened epoxides;
R> is independently selected from polyether groups hav-
ing the formula:

—M : (CaHE .:IO) E?_ME

wherein M' is a divalent hydrocarbon residue; M? is
independently selected from the group consisting of H,
C,.,, alkyl, C,,, alkenyl, C.,, alkylaryl, aryl,
cycloalkyl, C,_,, hydroxyalkyl, polyalkyleneoxide,
(poly)alkoxy alkyl, and mixtures thereof;

X 1s independently selected from the group consisting of
ring-opened epoxides;

W 1s independently selected from the group consisting of
divalent organic moieties comprising at least one quat-
ernized nitrogen atom;

ais from 2 to 4; b 1s from 0 to 100; ¢ 1s from 1 to 1000
and/or greater than 20 and/or greater than 50 and/or less
than 500 and/or less than 300 and/or from 100 to 200;
d 1s from O to 100; n 1s the number of positive charges
associated with the cationic silicone polymer, which 1s
greater than or equal to 1; and A 1s a monovalent anion,
in other words, a suitable counterion.

References disclosing non-limiting examples of suitable
polysiloxanes include U.S. Pat. Nos. 2,826,551, 3,964,500,

4,364,837, 5,059,282, 5,529,663, 5,552,020 and British Pat-
ent No. 849,433 and Silicone Compounds, pp. 181-217,
distributed by Petrach Systems, Inc., which contains an
extensive listing and description of polysiloxanes in general.

Viscosity of polysiloxanes useful for this invention may
vary as widely as the viscosity of polysiloxanes in general
vary, so long as the polysiloxane can be rendered into a form
which can be applied to the fibrous structures herein. This
includes, but 1s not limited to, viscosity as low as about 10
centistokes to about 20,000,000 centistokes or even higher.

Non-limiting examples of suitable quaternary ammonium
compounds may be selected from compounds having the
formula:

] © 2 S
R4 N—+R, X

Si—— R*—C,Hy,095 X—W —X—0C,H,, 37 R*-Si——OSi
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wherein:

m is 1 to 3; each R' is independently a C,-C, alkyl group,
hydroxvyalkyl group, hydrocarbyl or substituted hydrocarbyl
group, alkoxylated group, benzyl group, or mixtures thereof;
each R” is independently a C,,-C,, alkyl group, hydroxy-
alkyl group, hydrocarbyl or substituted hydrocarbyl group,

WARYAl

nA

]5|U \ Rg/d

alkoxvylated group, benzyl group, or mixtures thereof; and
X~ 1s any quaternary ammonium-compatible anion.
In another example, the quaternary ammonium com-

pounds may be mono or diester variations having the
formula:

(R4 N+—[(CHy),—Y—R?],, X"

wherein:

Y 1s —O—(0)C—, or —C(O)—0O—, or —NH—C(O)—,
or —C(O)—NH—; mis 1to 3;nis Oto4; each R is
independently a C,-C, alkyl group, hydroxyalkyl group,
hydrocarbyl or substituted hydrocarbyl group, alkoxylated
group, benzyl group, or mixtures thereof; each R” is inde-
pendently a C,;-C,, alkyl group, hydroxvyalkyl group,
hydrocarbyl or substituted hydrocarbyl group, alkoxylated
group, benzyl group, or mixtures thereof, and X~ 1s any
quaternary ammonium-compatible anion.

In another example, the quaternary ammonium compound
may be an imidazolinium compound, such as an 1midazo-
lintum salt.

As mentioned above, X~ can be any quaternary ammo-
nium-compatible anion, for example, acetate, chloride, bro-
mide, methyl sulfate, formate, sulfate, mitrate and the like
can also be used 1n the present invention. In one example, X~
1s chloride or methyl sulfate.

The surface softening composition may comprise addi-
tional ingredients such as a vehicle as described herein
below which may not be present on the fibrous structure
and/or sanitary tissue product comprising such fibrous struc-
ture. In one example, the surface soitening composition may
comprise a surface softening agent and a vehicle such as
water to facilitate the application of the surface softening
agent onto the surface of the fibrous structure.

Non-limiting examples of quaternary ammonium com-
pounds suitable for use in the present mvention include the
well-known dialkyldimethylammonium salts such as dital-
lowdimethylammonium chloride, ditallowdimethylammo-
nium methylsulfate, dithydrogenated tallow)dimethylam-
monium chloride. In one example, the surface softening
composition comprises di(hydrogenated tallow)dimethyl-

ammonium chloride, commercially available from Witco
Chemical Company Inc. of Dublin, Ohio as Varisoit 137®.

Non-limiting examples of ester-functional quaternary
ammonium compounds having the structures named above
and suitable for use 1n the present invention include the
well-known diester dialkyl dimethyl ammonium salts such
as diester ditallow dimethyl ammonium chloride, monoester
ditallow dimethyl ammonium chloride, diester ditallow dim-
cthyl ammonium methyl sulfate, diester di(hydrogenated)
tallow dimethyl ammonium methyl sulfate, diester di(hy-
drogenated)tallow dimethyl ammonium chloride, and
mixtures thereol. In one example, the surface softening
composition comprises diester ditallow dimethyl ammo-
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nium chloride and/or diester di(hydrogenated)tallow dim-
cthyl ammonium chloride, both commercially available
from Witco Chemical Company Inc. of Dublin, Ohio under
the tradename “ADOGEN SDMC”.

Lotion Composition

In addition to the surface softening composition of the
present invention, the fibrous structure may comprise a
lotion composition. The lotion composition may comprise
oils and/or emollients and/or waxes and/or immobilizing
agents. In one example, the lotion composition comprises
from about 10% to about 90% and/or from about 30% to
about 90% and/or from about 40% to about 90% and/or from
about 40% to about 85% of an o1l and/or emollient. In
another example, the lotion composition comprises from
about 10% to about 50% and/or from about 15% to about
45% and/or from about 20% to about 40% of an 1mmobi-
lizing agent. In another example, the lotion composition
comprises from about 0% to about 60% and/or from about
3% to about 50% and/or from about 3% to about 40% of
petrolatum.

The lotion compositions may be heterogeneous. They
may contain solids, gel structures, polymeric material, a
multiplicity of phases (such as oily and water phase) and/or
emulsified components. It may be difficult to determine
precisely the melting temperature of the lotion composition,
1.e. diflicult to determine the temperature of transition
between the liquid form, the quasi-liquid from, the quasi-
solid form and the solid form. The terms melting tempera-
ture, melting point, transition point and transition tempera-
ture are used interchangeably 1n this document and have the
same meaning.

The lotion compositions may be semi-solid, of high
viscosity so they do not substantially flow without activation
during the life of the product or gel structures.

The lotion compositions may be shear thinning and/or
they may strongly change their viscosity around skin tem-
perature to allow for transfer and easy spreading on a user’s
skin.

The lotion compositions may be in the form of emulsions
and/or dispersions.

In one example of a lotion composition, the lotion com-
position has a water content of less than about 20% and/or
less than 10% and/or less than about 5% or less than about
0.5%.

In another example, the lotion composition may have a
solids content of at least about 15% and/or at least about
25% and/or at least about 30% and/or at least about 40% to
about 100% and/or to about 95% and/or to about 90% and/or
to about 80%.

A non-limiting example of a suitable lotion composition
of the present invention comprises a chemical softening
agent, such as an emollient, that softens, soothes, supples,
coats, lubricates, or moisturizes the skin. The lotion com-
position may sooth, moisturize, and/or lubricate a user’s
skin.

The lotion composition may comprise an o1l and/or an
emollient. Non-limiting examples of suitable oils and/or
emollients include glycols (such as propylene glycol and/or
glycerine), polyglycols (such as triethylene glycol), petro-
latum, fatty acids, fatty alcohols, fatty alcohol ethoxylates,
tatty alcohol esters and fatty alcohol ethers, fatty acid
cthoxylates, fatty acid amides and fatty acid esters, hydro-
carbon oils (such as mineral oil), squalane, fluorinated
emollients, silicone o1l (such as dimethicone) and mixtures
thereof.

Non-limiting examples of emollients useful 1n the present
invention can be petroleum-based, fatty acid ester type, alkyl
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cthoxylate type, or mixtures of these materials. Suitable
petroleum-based emollients include those hydrocarbons, or
mixtures of hydrocarbons, having chain lengths of from 16
to 32 carbon atoms. Petroleum based hydrocarbons having
these chain lengths include petrolatum (also known as
“mineral wax,” “petroleum jelly” and “mineral jelly”). Pet-
rolatum usually refers to more viscous mixtures of hydro-
carbons having from 16 to 32 carbon atoms. A suitable
Petrolatum 1s available from Witco, Corp., Greenwich,
Conn. as White Protopet® 1 S.

Suitable fatty acid ester emollients include those derived
from long chain C,,-C,, fatty acids, such as C,,-C,, satu-
rated fatty acids, and short chain C,-C; monohydric alco-
hols, such as C,-C, monohydric alcohols. Non-limiting
examples of suitable fatty acid ester emollients include
methyl palmitate, methyl stearate, 1sopropyl laurate, 1sopro-
pyl myristate, 1sopropyl palmitate, and ethylhexyl palmaitate.
Suitable fatty acid ester emollients can also be derived from
esters ol longer chain fatty alcohols (C,,-C,,, such as
C,,-C, ) and shorter chain fatty acids e.g., lactic acid, such
as lauryl lactate and cetyl lactate.

Suitable fatty acid ester type emollients include those
dertved from C, ,-C,, fatty acids, such as C, .-C,, saturated
fatty acids, and short chain (C,-C, and/or C,-C;) monohy-
dric alcohols. Representative examples of such esters
include methyl palmitate, methyl stearate, 1sopropyl laurate,
1sopropyl myristate, 1sopropyl palmitate, and ethylhexyl
palmitate. Suitable fatty acid ester emollients can also be
derived from esters of longer chain fatty alcohols (C,,-C,q
and/or C, ,-C, ) and shorter chain fatty acids e.g., lactic acid,
such as lauryl lactate and cetyl lactate.

Suitable alkyl ethoxylate type emollients include C,,-C, 4
fatty alcohol ethoxylates having an average of from 3 to 30
oxyethylene umts, such as from about 4 to about 23.
Non-limiting examples of such alkyl ethoxylates include
laureth-3 (a lauryl ethoxylate having an average of 3 oxy-
cthylene units), laureth-23 (a lauryl ethoxylate having an
average of 23 oxyethylene units), ceteth-10 (acetyl ethoxy-
late having an average of 10 oxyethylene units), steareth-2
(a stearyl ethoxylate having an average of 2 oxyethylene
units) and steareth-10 (a stearyl ethoxylate having an aver-
age of 10 oxyethylene units). These alkyl ethoxylate emol-
lients are typically used in combination with the petroleum-
based emollients, such as petrolatum, at a weight ratio of
alkyl ethoxylate emollient to petroleum-based emollient of
from about 1:1 to about 1:3, preferably from about 1:1.5 to
about 1:2.3.

The lotion compositions of the present invention may
include an “immobilizing agent”, so-called because they are
believed to act to prevent migration of the emollient so that
it can remain primarily on the surface of the fibrous structure
to which 1t 1s applied so that it may deliver maximum
softening benefit as well as be available for transferability to
the user’s skin. Suitable immobilizing agents for the present
invention can comprise polyhydroxy fatty acid esters, poly-
hydroxy fatty acid amides, and mixtures thercof. To be
useful as immobilizing agents, the polyhydroxy moiety of
the ester or amide should have at least two Iree hydroxy
groups. It 1s believed that these free hydroxy groups are the
ones that co-crosslink through hydrogen bonds with the
cellulosic fibers of the tissue paper web to which the lotion
composition 1s applied and homo-crosslink, also through
hydrogen bonds, the hydroxy groups of the ester or amide,
thus entrapping and immobilizing the other components in
the lotion matrix. Non-limiting examples of suitable esters
and amides will have three or more free hydroxy groups on
the polyhydroxy moiety and are typically nonionic in char-
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acter. Because of the skin sensitivity of those using paper
products to which the lotion composition i1s applied, these
esters and amides should also be relatively mild and non-
irritating to the skin.

Suitable polyhydroxy fatty acid esters for use in the
present mvention will have the formula:

O—)H—Y

wherein R 1s a C.-C,, hydrocarbyl group, such as a straight
chain C,-C,, alkyl or alkenyl and/or a straight chain C,-C,,
alkyl or alkenyl and/or a straight chain C,,-C,, alkyl or
alkenyl, or mixture thereof; Y 1s a polyhydroxyhydrocarbyl
moiety having a hydrocarbyl chain with at least 2 free
hydroxyls directly connected to the chain; and n 1s at least
1. Suitable Y groups can be derived from polyols such as
glycerol, pentaerythritol; sugars such as rathnose, maltodex-
trose, galactose, sucrose, glucose, xylose, fructose, maltose,
lactose, mannose and erythrose; sugar alcohols such as
erythritol, xylitol, malitol, mannitol and sorbitol; and anhy-
drides of sugar alcohols such as sorbitan.

One class of suitable polyhydroxy fatty acid esters for use
in the present invention comprises certain sorbitan esters,
such as sorbitan esters of C, .-C,, saturated fatty acids.

Immobilizing agents include agents that are may prevent
migration of the emollient into the fibrous structure such that
the emollient remain primarily on the surface of the fibrous
structure and/or sanitary tissue product and/or on the surface
soltening composition on a surface of the fibrous structure
and/or sanitary tissue product and facilitate transier of the
lotion composition to a user’s skin. Immobilizing agents
may function as viscosity increasing agents and/or gelling
agents.

Non-limiting examples of suitable immobilizing agents
include waxes (such as ceresin wax, ozokerite, microcrys-
talline wax, petroleum waxes, fisher tropsh waxes, silicone
waxes, parathin waxes), fatty alcohols (such as cetyl, cetaryl,
cetearyl and/or stearyl alcohol), fatty acids and their salts
(such as metal salts of stearic acid), mono and polyhydroxy
fatty acid esters, mono and polyhydroxy fatty acid amides,
silica and silica derivatives, gelling agents, thickeners and

mixtures thereof.

In one example, the lotion composition comprises at least
one immobilizing agent and at least one emollient.
Skin Benefit Agent

One or more skin benefit agents may be included 1n the
lotion composition of the present invention. I a skin benefit
agent 1s included in the lotion composition, 1t may be present
in the lotion composition at a level of from about 0.5% to
about 80% and/or 0.5% to about 70% and/or from about 5%
to about 60% by weight of the lotion.

Non-limiting examples of skin benefit agents include zinc
oxide, vitamins, such as Vitamin B3 and/or Vitamin E,
sucrose esters of fatty acids, such as Sefose 1618S (com-
mercially available from Procter & Gamble Chemicals),
antiviral agents, anti-inflammatory compounds, lipid, 1nor-
ganic anions, 1organic cations, protease inhibitors, seques-
tration agents, chamomile extracts, aloe vera, Calendula
officinalis, alpha bisalbolol, Vitamin E acetate and mixtures
thereof.

Non-limiting examples of suitable skin benefit agents
include fats, fatty acids, fatty acid esters, fatty alcohols,

O

R—-C
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triglycerides, phospholipids, mineral oils, essential oils, ste-
rols, sterol esters, emollients, waxes, humectants and com-
binations thereof.

In one example, the skin benefit agent may be any
substance that has a higher athinity for o1l over water and/or
provides a skin health benefit by directly interacting with the
skin. Suitable examples of such benefits include, but are not
limited to, enhancing skin barrier function, enhancing mois-
turization and nourishing the skin.

The skin benefit agent may be alone, mncluded 1n a lotion
composition and/or included in a surface softening compo-
sition. A commercially available lotion composition com-

prising a skin benefit agent 1s Vaseline® Intensive Care
Lotion (Chesebrough-Pond’s, Inc.).

The lotion composition may be a transferable lotion
composition. A transierable lotion composition comprises at
least one component that 1s capable of being transierred to
an opposing surface such as a user’s skin upon use. In one
example, at least 0.1% of the transierable lotion present on
the user contacting surface transters to the user’s skin during,
use.

Other Ingredients

Other optional ingredients that may be included 1n the
lotion composition include vehicles, perfumes, especially
long lasting and/or enduring perfumes, antibacterial actives,
antiviral actives, disinfectants, pharmaceutical actives, film
formers, deodorants, opacifiers, astringents, solvents, cool-
ing sensate agents, such as camphor, thymol and menthol.
Vehicle

As used herein a “vehicle” 1s a material that can be used
to dilute and/or emulsity agents forming the surface soften-
ing composition and/or lotion composition to form a dis-
persion/emulsion. A vehicle may be present 1n the surface
soltening composition and/or lotion composition, especially
during application of the surface softeming composition
and/or to the fibrous structure. A vehicle may dissolve a
component (true solution or micellar solution) or a compo-
nent may be dispersed throughout the vehicle (dispersion or
emulsion). The vehicle of a suspension or emulsion 1is
typically the continuous phase thereof. That 1s, other com-
ponents of the dispersion or emulsion are dispersed on a
molecular level or as discrete particles throughout the
vehicle.

Suitable materials for use as the vehicle of the present
invention include hydroxyl functional liquids, including but
not limited to water. In one example, the lotion composition
comprises less than about 20% and/or less than about 10%
and/or less than about 5% and/or less than about 0.5% w/w
of a vehicle, such as water. In one example, the surface
soltening composition comprises greater than about 50%
and/or greater than about 70% and/or greater than about
85% and/or greater than about 95% and/or greater than
about 98% w/w ol a vehicle, such as water.

Process Aids

Process aids may also be used 1n the lotion compositions
of the present invention. Non-limiting examples of suitable
process aids include brighteners, such as TINOPAL CBS-
X®, obtainable from CIBA-GFIGY of Greensboro, N.C.
Non-Limiting Examples

While particular embodiments of the present invention
have been 1illustrated and described, 1t would be obvious to
those skilled in the art that various other changes and
modifications can be made without departing from the spirit
and scope of the mvention. It 1s therefore intended to cover
in the appended claims all such changes and modifications
that are within the scope of this mnvention.
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Non-limiting examples of product formulations disclosed
in the present specification are summarized below.

EXAMPLES

While particular embodiments of the present ivention
have been 1llustrated and described, it would be obvious to
those skilled in the art that various other changes and
modifications can be made without departing from the spirit
and scope of the invention. It 1s therefore intended to cover
in the appended claims all such changes and modifications
that are within the scope of this mnvention.

Non-limiting examples of product formulations disclosed
in the present specification are summarized below.

Example 1: Synthesis of Metathesized Canola Oil

Prior to the metathesis reaction, the RBD (refined,
bleached, and deodorized) canola o1l 1s pre-treated by mix-
ing the o1l with 2% (by weight) bleaching clay (Filtrol
F-160, BASF, Florham Park, N.J.) and heating to 120° C.
with a nitrogen sweep for 1.5 hours. The o1l 1s cooled to
room temperature, filtered through a bed of Celite® 545
diatomaceous earth (EMD, Billerica, Mass.), and stored
under mert gas until ready to use.

To a round-bottomed flask, the o1l 1s added and sub-
surface sparged with mert gas while mixing and heating to
55° C. The catalyst 1s dissolved 1n 1,2-dichloroethane ([107-
06-2], EMD, Billerica, Mass.) that is stored over 4 A
molecular sieves and sub-surface sparged with inert gas
prior to use. After catalyst addition to the reaction flask, a
vacuum 1s applied to remove volatile olefins that are gen-
erated. After ~4 hours reaction time, the vacuum 1s broken
and the metathesized unsaturated polyol ester 1s cooled to
room temperature.

The metathesized canola o1l 1s diluted in hexanes ([110-
54-3], EMD, Billerica, Mass.). To the diluted material, 2%

bleaching clay (Filtrol F-160, BASF, Florham Park, N.JI.) 1s
added and mixed for ~6 hours. The o1l 1s filtered through a
bed of Celite® 545 diatomaceous earth. The o1l 1s treated a
second time with 2% bleaching clay (Filtrol F-160, BASF,
Florham Park, N.J.) for ~6 hours. The o1l 1s filtered through
a bed of Celite® 545 diatomaceous earth and then rotary
evaporated to concentrate.

The metathesized canola o1l 1s then passed through a wipe
film evaporator at 180° C. and <0.5 Torr vacuum to remove

olefins up to and including C-18 chain lengths. Represen-
tative examples are summarized in the table below.

Pretreated Max Max
Canola Oil Catalyst Temperature  Vacuum
Example (g)¢ Catalyst (g) (° C.) (Torr)
1A 500 17 0.25 61 7.9
1B 500 2° 0.25 62 0.6

“Canola o1l from J. Edwards, Braintree, MA.

bTI‘iC}fCthEK}flphDSphiHE |4,5-dimethyl-1,3-bi1s(2,4.,6-trimethylpheny] imidazol-2-
ylidene| [2-thienylmethylene|ruthenum (II) dichloride [1190427-50-9] available as Cat-

METmum RF-3 from Evomk Corporation, Parsippany, NJ.
“Tricyclohexylphosphine[1,3-bis(2,4,6-trimethylphenyl)imidazol-2-ylidene][ 2-thienylm-
ethylene] ruthemmum(ll) dichloride [1190427-49-6] available as CatMETmum RF-2 from
Evonik Corporation, Parsippany, NJ.

The samples 1A and 1B are analyzed for weight average
molecular weight, 1odine value, free hydrocarbon content
and oligomer index, using methods described previously,
and are found to approximately have the following values:
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Free
Iodine Hydrocarbon
Mw Value content Oligomer
Example (g/mol) (cg/g) (wt %) Index
1A 5,400 85 0.5 0.03
1B 3,900 85 0.5 0.04

Example 2: Remetathesis of Metathesized
Unsaturated Polyol Ester

Metathesized canola o1l, sufliciently stripped of residual

olefins (176.28 g from Example 1A) 1s blended with pre-
treated canola o1l (350.96 g, pretreated as described in
Example 1) in a round-bottomed flask. The blend 1s sub-

surface sparged with ert gas while mixing and heating to
55° C. The catalyst 1s dissolved 1n 1,2-dichloroethane ([107-

06-2], EMD, Billerica, Mass.) that is stored over 4 A

molecular sieves and sub-surface sparged with inert gas
prior to use. After catalyst addition to the reaction flask, a
vacuum 1s applied to remove volatile olefins that are gen-
erated. After ~4 hours reaction time, the vacuum 1s broken
and the metathesized unsaturated polyol ester 1s cooled to

room temperature.

The metathesized canola o1l 1s diluted 1n hexanes ([110-
54-3], EMD, Billerica, Mass.). To the diluted material, 2%
bleaching clay (Filtrol F-160, BASF, Florham Park, N.J.) 1s
added and mixed for ~6 hours. The o1l 1s filtered through a
bed of Celite® 545 diatomaceous earth. The o1l 1s treated a
second time with 2% bleaching clay (Filtrol F-160, BASF,
Florham Park, N.J.) for ~6 hours. The o1l 1s filtered through
a bed of Celite® 545 diatomaceous earth and then rotary
evaporated to concentrate.

The remetathesized canola o1l 1s then passed through a
wipe film evaporator at 180° C. and <0.5 Torr vacuum to
remove olefins up to and including C-18 chain lengths. A
representative example 1s summarized 1n the table below.

Oil Max Max
Blend Catalyst® Temperature Vacuum
Example (g) (g) (° C) (Torr)
2 500 0.27 65 0.2

“Tricyclohexylphosphine |4.5-dimethyl-1,3-bi1s(2.4.6-trimethylphenyl)imidazol-2-
ylidene] [2-thienylmethylene Jruthenmum (II) dichloride [1190427-50-9] available as Cat-
METium RE-3 from Evonik Corporation, Parsippany, NJ.

The sample 2 1s analyzed for weight average molecular
weight, 1odine value, free hydrocarbon content and oligomer
index, using methods described previously, and 1s found to
approximately have the following values:

Free
Iodine Hydrocarbon
Mw Value content Oligomer
Example (g/mol) (cg/g) (wt %0) Index
2 13,000 80 0.5 0.07

Example 3: Synthesis ol Metathesized Unsaturated
Polyol Esters

Prior to the metathesis reaction, the RBD (refined,
bleached, and deodorized) o1l 1s pre-treated by mixing the o1l

with 2% (by weight) bleaching clay (Filtrol F-160, BASFE,
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Florham Park, N.J.) and heating to 120° C. with a mitrogen
sweep for 1.5 hours. The o1l 1s cooled to room temperature,
filtered through a bed of Celite® 545 diatomaceous earth
(EMD, Billerica, Mass.), and stored under inert gas until
ready to use.

To a round-bottomed flask, the o1l 1s added and sub-
surface sparged with mert gas while mixing and heating to
55° C. The catalyst 1s dissolved 1n 1,2-dichloroethane ([107-
06-2], EMD, Billerica, Mass.) that is stored over 4 A
molecular sieves and sub-surface sparged with inert gas
prior to use. After catalyst addition to the reaction flask, a
vacuum 1s applied to remove volatile olefins that are gen-
erated. After ~4 hours reaction time, the vacuum 1s broken
and the metathesized unsaturated polyol ester 1s cooled to

room temperature.
The metathesized o1l 1s diluted i hexanes ([110-54-3],

EMD, Billerica, Mass.). To the diluted material, 2% bleach-
ing clay (Filtrol F-160, BASF, Florham Park, N.J.) 1s added
and mixed for ~6 hours. The metathesized oil 1s filtered
through a bed of Celite® 545 diatomaceous earth. The
metathesized o1l 1s treated a second time with 2% bleaching,
clay (Filtrol F-160, BASF, Florham Park, N.JI.) for ~6 hours.
The metathesized o1l 1s filtered through a bed of Celite® 345
diatomaceous earth and then rotary evaporated to concen-
trate.

The metathesized unsaturated polyol ester 1s then passed
through a wipe film evaporator at 180° C. and <0.5 Torr
vacuum to remove olefins up to and including C-18 chain

lengths. Representative examples are summarized i the
table below.

Starting Pretreated Max Max
unsaturated Oil Catalyst® Temperature Vacuum
Example polyol ester (g) (g) (° C.) (Torr)
3A High erucic 500 0.23 61 7.9
acid
rapeseed oil
3B Blend of 500 (250 g 0.25 61 7.9
High erucic  HEAR olil
acid and 250 g
rapeseed o1l  canola oil)
and canola
oil, 50/50
by weight
3C High oleic 500 0.25 61 7.9

soybean oil

“Tricyclohexylphosphine |4.5-dimethyl-1,3-bi1s(2,4,6-trimethylphenyl)jimidazol-2-
ylidene| [2-thienylmethylene Jruthenmum (II) dichloride [1190427-50-9] available as Cat-
METmum RF-3 from Evomk Corporation, Parsippany, NJ.

Example 4

Hydrogenations are performed 1 a T316 stainless steel,
600 ml Parr reactor (Model Number 4563) containing inter-
nal cooling coils and a stir shaft with 2 impellers comprised
of 4 blades each.

The metathesized unsaturated polyol ester (approximately
200 g) 1s dissolved 1n hexanes (120 ml, [110-54-3], EMD,

EXAMPLE
COMPOSITION

Metathesized unsaturated
polyol ester according to
Example 1A (5400)

Metathesized unsaturated

polyol ester according to
Example 1B (3900)
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Billerica Ma). To this solution 1s added a slurry of Nickel on
Silica (20 g, [7440-02-0], Catalog #28-1900, Strem Chemi-

cals, Inc., Newburyport, Mass.). The slurried mixtures 1s
transierred via vacuum to the Parr reactor. The mixture 1s
degassed with several vacuum/nitrogen {ill cycles. Then
with stirring (800-900 rpm), hydrogen gas (550-650 psig,
[1333-74-0], UHP grade, Wright Brothers, Inc., Montgom-
ery, Ohio) 1s charged to the reactor. The reaction 1s heated at
150° C. and hydrogen gas pressure reduction monitored
until constant (~12 hours).

The reaction 1s cooled to 60° C. and drained from the
reactor. The reactor 1s rinsed with methyl tert-butyl ether
([1634-04-4], EMD, Billerica, Mass.) and combined with
the solid hydrogenated metathesized polyol ester. A hot
filtration 1s then performed to remove the catalyst, followed
by vacuum to remove all residual solvent. Fully hydroge-
nated materials are obtained using the method above. Lower
hydrogenation levels are obtained by decreasing the reaction
temperature to 125 degrees Celsius using 5 grams of catalyst
and reducing the reaction time and hydrogen consumed.
Iodine Value (I1V) 1s measured, as described elsewhere.

Example 5

The metathesis monomers, dimers, trimers, tetramers,
pentamers, and higher order oligomers from the product in
Example 2 are fully separated by SFC using the method
described above. The individual SFC fractions are collected
and trimers, tetramers, and higher order oligomers are
combined. The oligomer index of this sample 1s about 1.

Non-Limiting Examples of Surface Softening
Compositions

Example 6

The metathesized unsaturated polyol ester can be 1n the
form of an emulsion. Non-limiting emulsion compositions
are 1n the table below. The emulsions are prepared by
heating the metathesized unsaturated polyol ester with the
emulsifiers and Tinopal process aid to a temperature
between 45° C. and 70° C. 1n a suitable container using a
high shear mixer such as an IKA Ultra Turrax. Water and
PEG400 are mixed in a separate vessel, and then added 1n
small increments to the o1l phase while mixing at high shear.
Each increment of water 1s worked-in before adding the next
increment. After the total water addition, the resultant emul-

sion has a metathesized unsaturated polyol ester content of
20%.

One of ordinary skill in the art appreciates that other
emulsion forms and/or components thereot, such as different
emulsifying agents, may be formed and/or used, and that
other process equipment suitable for forming emulsions may
be used.

20

20 20
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-continued

EXAMPLE
COMPOSITION A B C D E
Metathesized unsaturated 20
polyol ester according to
Example 2 (13000)
Metathesized unsaturated
polyol ester according to
Examples 3-53
Additional Surface Softening
Agent (MR1003)
Process aid Tinopal OB CO 0.01 0.01 0.01 0.01 0.01
Quaternary ammonium
compound (Karlinal)
PEG 400 8.6 8.6 8.6
Emulsifier 1 0.9 0.9 0.9 0.9 0.9
Emulsifier 2° 0.35 0.35 0.35 0.35 0.35
Water, suds suppressor, q.s. q.s. q.s. q.S. q.s.
stabilizers, pH control agents, to to to to to
buffers, dyes & other optional  100% 100% 100% 100% 100%
ingredients
lBrij 52, available from Croda USA., Edison, NJ
2Brij 510, available from Croda USA, Edison, NJ

Example 7

The emulsions from Example 6 may be combined with
additional surface softening agents as follows:

EXAMPLE
COMPOSITION A B C D E F G

Metathesized
unsaturated polyol
ester according to
Example 1A
(5400)
Metathesized
unsaturated polyol
ester according to
Example 2
(13000)
Additional Surface
Softening Agent!
(MR1003)
Quaternary
AIMITIONIUITL
compound?

PEG 400 8.6 8.6

Water, emulsifiers, q.s. q.s. g.s. g.s. Qg.s. Q.. q.S.
suds suppressor, to to to to to to to
process aids, 100% 100% 100% 100% 100% 100% 100%
stabilizers, pH

control agents,

buffers, dyes &

other optional

ingredients

10 10 16

10 10 16 10

10 4 10 4 S

10 10 D

IMR1 003, available from Wacker Chemie
“Diester ditallow dimethyl ammonium methyl sulfate

Non-Limiting Examples of Fibrous Structures of
the Present Invention

Example 8

A 3% by weight aqueous slurry of NSK (northern soft-
wood Krait) 1s made 1n a conventional re-pulper. The NSK
slurry 1s refined, and a 2% solution of Kymene 357X 1s
added to the NSK stock pipe at a rate sutlicient to deliver 1%
Kymene 357LX by weight of the dry fibers. The absorption
of the wet strength resin 1s enhanced by passing the treated

slurry though an in-line mixer. KYMENE 5571L.X 1s supplied
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b G H
20
20 20
0.01 0.01 0.01
8.6
0.9 0.9 0.9
0.35 0.35 0.35
gJ.S. d.S. gJ.S.
to to to
100% 100% 100%

by Hercules Corp of Wilmington, Del. A 1% solution of
carboxy methyl cellulose 1s added after the in-line mixer at
a rate 01 0.15% by weight of the dry fibers to enhance the dry
strength of the fibrous structure. The aqueous slurry of NSK
fibers passes through a centrifugal stock pump to aid 1n
distributing the CMC. An aqueous dispersion of DiTallow
DiMethyl Ammonium Methyl Sulfate (DTDMAMS) (170°
F./76.6° C.) at a concentration of 1% by weight 1s added to
the NSK stock pipe at a rate of about 0.05% by weight
DTDMAMS per ton of dry fiber weight.

A 3% by weight aqueous slurry of eucalyptus fibers is
made 1n a conventional re-pulper. A 2% solution of Kymene
S557LX 1s added to the eucalyvptus stock pipe at a rate
suflicient to deliver 0.25% Kymene 557LX by weight of the
dry fibers. The absorption of the wet strength resin 1is
enhanced by passing the treated slurry though an in-line
mixer.

The NSK fibers are diluted with white water at the inlet
of a fan pump to a consistency of about 0.15% based on the
total weight of the NSK fiber slurry. The eucalvptus fibers,
likewise, are diluted with white water at the inlet of a fan
pump to a consistency of about 0.15% based on the total
weight of the eucalvptus fiber slurry. The eucalyvptus slurry
and the NSK slurry are directed to a multi-channeled head-
box suitably equipped with layering leaves to maintain the
streams as separate layers until discharged onto a traveling
Fourdrinier wire. A three-chambered headbox 1s used. The
eucalyptus slurry containing 63% of the dry weight of the
tissue ply 1s directed to the chamber leading to the layer in
contact with the wire, while the NSK slurry comprising 35%
of the dry weight of the ultimate tissue ply 1s directed to the
chamber leading to the center and inside layer. The NSK and
eucalyptus slurries are combined at the discharge of the
headbox into a composite slurry.

The composite slurry 1s discharged onto the traveling
Fourdrinier wire and 1s dewatered assisted by a deflector and
vacuum boxes. The Fourdrinier wire 1s of a 5-shed, satin
weave configuration having 105 machine-direction and 107
cross-machine-direction monofilaments per inch. The speed
of the Fourdrinier wire 1s about 800 fpm (feet per minute).

The embryonic wet web 1s dewatered to a consistency of
about 15% just prior to transier to a patterned drying fabric
made 1n accordance with U.S. Pat. No. 4,529,480. The speed

of the patterned drying fabric 1s the same as the speed of the
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Fourdrinier wire. The drying fabric 1s designed to vyield a
pattern-densified tissue with discontinuous low-density

deflected areas arranged within a continuous network of
high density (knuckle) areas. This drying fabric 1s formed by
casting an impervious resin surface onto a fiber mesh
supporting fabric. The supporting fabric 1s a 45x352 filament,
dual layer mesh. The thickness of the resin cast 1s about 9
mil above the supporting fabric. The drying fabric for
forming the paper web has about 562 discrete detlection
regions per square inch. The area of the continuous network
1s about 30 percent of the surface area of the drying fabric.

Further dewatering 1s accomplished by vacuum assisted
drainage until the web has a fiber consistency of about 25%.
While remaining in contact with the patterned drying fabric,
the web 1s pre-dried by air blow-through pre-dryers to a fiber
consistency of about 65% by weight. The web 1s then
adhered to the surface of a yankee dryer, and removed from
the surface of the dryer by a doctor blade at a consistency of
about 97 percent. The Yankee dryer 1s operated at a surface
speed ol about 800 feet per minute. The dry web 1s passed
through a rubber-on-steel calendar nip. The dry web 1s
wound onto a roll at a speed of 680 feet per minute to
provide dry foreshortening of about 15 percent. The result-
ing web has between about 562 and about 650 relatively low
density domes per square inch (the number of domes 1n the
web 1s between zero percent to about 15 percent greater than
the number of cells 1 the drying fabric, due to dry fore-
shortening of the web).

Two plies are combined with the wire side facing out with
plybond glue and/or mechanical polybonding wheels, to
make the product. During the converting process, one or
more surface softening compositions 1s applied via spraying,
and/or slot extruding to one or both outside surfaces of the
product. The surface softening composition comprises a
surface soitening agent of the present invention; namely, one
or more metathesized unsaturated polyol esters. Optionally,
the product surface may comprise another surtace softening
composition, 1 combination with or discrete from the
metathesized unsaturated polyol ester, that comprises a
quaternary ammonium compound and/or a silicone soften-
ing agent and/or a non-metathesized polyol ester. The sur-
face soltening composition 1s applied to the product at a rate
of 10% by weight. The product may be wound into a product
roll, such as for toilet paper and/or paper towels, or can be
slit, and then folded into finished 2-ply facial tissue product.
The product(s) are tested 1n accordance with the test meth-
ods described below.

Example 9

A sheet with 32%x33%x35% layering consist of fabric
layer, center layer and wire layer. The entire sheet has 70%
by weight on a dry fiber basis of eucalyptus pulp fibers of the
present invention and 30% by weight on a dry fiber basis of
northern softwood krait (NSK) pulp fibers 1s made.

An aqueous slurry of the eucalyptus pulp fibers 1s pre-
pared at about 3% by weight using a conventional repulper.
Separately, an aqueous slurry of the NSK pulp fibers of
about 3% by weight 1s made up using a conventional
repulper.

In order to impart temporary wet strength to the finmished
fibrous structure, a 1% dispersion of a temporary wet
strength additive (e.g., Parez® commercially available from
Kemira) 1s prepared and 1s added to the NSK fiber stock pipe
at a rate suthicient to deliver 0.3% temporary wet strength
additive based on the dry weight of the NSK pulp fibers. The
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absorption of the temporary wet strength additive 1is
enhanced by passing the treated NSK pulp fiber slurry
through an in-line mixer.

The eucalyptus pulp fiber slurry 1s diluted with white
water at the inlet of a fan pump to a consistency of about
0.13% based on the total weight of the eucalyvptus pulp fiber
slurry. The NSK pulp fibers, likewise, are diluted with white
water at the inlet of a fan pump to a consistency of about
0.13% based on the total weight of the NSK pulp fiber slurry.
The eucalyptus pulp fiber slurry and the NSK pulp fiber
slurry are both directed to a layered headbox capable of
maintaining the slurries as separate streams until they are
deposited onto a forming fabric on the Fourdrinier.

“DC 23107 (Dow Corning, Midland, Mich.) antifoam 1s
dripped 1nto the wirepit to control foam to maintain white
water levels of 10 ppm.

The paper making machine has a layered headbox with a
top chamber, a center chamber, and a bottom chamber. The
eucalyptus pulp fiber slurry 1s pumped through the top and
bottom headbox chambers and, simultaneously, the NSK
pulp fiber slurry 1s pumped through the center headbox
chamber and delivered in superposed relation onto a
Fourdrinier wire to form thereon a three-layer embryonic
web, of which about 70% 1s made up of the eucalyptus pulp
fibers and about 30% 1s made up of the NSK pulp fibers.
Dewatering occurs through the Fourdrinier wire and 1is
assisted by a deflector and vacuum boxes. The Fourdrinier
wire 1s of a S-shed, satin weave configuration having 87
machine-direction and 76 cross-machine-direction mono-
filaments per inch, respectively. The speed of the Fourdrinier
wire 1s about 750 fpm (feet per minute).

The embryonic wet web 1s ftransferred from the
Fourdrinier wire, at a fiber consistency of about 15% at the
point of transfer, to a patterned drying fabric. The speed of
the patterned drying fabric 1s about the same as the speed of
the Fourdrinier wire. The drying fabric 1s designed to yield
a pattern densified tissue with discontinuous low-density
deflected areas arranged within a continuous network of
high density (knuckle) areas. This drying fabric 1s formed by
casting an i1mpervious resin surface onto a fiber mesh
supporting fabric. The supporting fabric 1s a 98x62 filament,
dual layer mesh. The thickness of the resin cast 1s about 12
mils above the supporting fabric.

Further de-watering 1s accomplished by vacuum assisted
drainage until the web has a fiber consistency of about 30%.

While remaining in contact with the patterned drying
tabric, the web 1s pre-dried by air blow-through pre-dryers
to a fiber consistency of about 65% by weight.

After the pre-dryers, the semi-dry web 1s transferred to the
Yankee dryer and adhered to the surface of the Yankee dryer
with a sprayed creping adhesive. The creping adhesive 1s an

aqueous dispersion with the actives consisting of about 22%
polyvinyl alcohol, about 11% CREPETROL A3025, and
about 67% CREPETROL R6390. CREPETROL A3025 and
CREPETROL R6390 are commercially available from Her-
cules Incorporated of Wilmington, Del. The creping adhe-
sive 1s delivered to the Yankee surface at a rate of about
0.15% adhesive solids based on the dry weight of the web.
The fiber consistency 1s 1ncreased to about 97% before the
web 15 dry creped from the Yankee with a doctor blade.

The doctor blade has a bevel angle of about 25 degrees
and 1s positioned with respect to the Yankee dryer to provide
an 1mpact angle of about 81 degrees. The Yankee dryer is
operated at a temperature of about 350° F. and a speed of
about 800 fpm. The fibrous structure 1s wound 1n a roll using
a surface driven reel drum having a surface speed of about

656 feet per minute.
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Two plies are combined with the wire side facing out with
plybond glue and/or mechanical polybonding wheels, to

make the product. During the converting process, one or
more surface softening compositions 1s applied via spraying,
and/or slot extruding to one or both outside surfaces of the
product. The surface softening composition comprises a
surface soitening agent of the present invention; namely, one
or more metathesized unsaturated polyol esters. Optionally,
the product surface may comprise another surface softening,
composition, 1 combination with or discrete from the
metathesized unsaturated polyol ester, that comprises a
quaternary ammonium compound and/or a silicone soften-
ing agent and/or a non-metathesized polyol ester. The sur-
face softening composition 1s applied to the product at a rate
of 10% by weight. The product may be wound into a product
roll, such as for toilet paper and/or paper towels, or can be
slit, and then folded into finished 2-ply facial tissue product.
The product(s) are tested 1n accordance with the test meth-
ods described below.

Example 10

A first stock chest of 100% eucalyptus fiber 1s prepared
with a conventional pulper to have a consistency of about
3.0% by weight. The thick stock of the first hardwood chest
1s directed through a thick stock line where a wet-strength
additive, HERCOBOND 1194 (commercially available
from Ashland Inc.), 1s added in-line to the thick stock at
about 0.5 lbs. per ton of dry fiber as 1t moves to the first fan
pump.

A second stock chest of 100% eucalyptus fiber 1s prepared
with a conventional pulper to have a consistency of about
3.0% by weight. The thick stock of the second chest is
directed through a thick stock line where a wet-strength
additive, HERCOBOND 1194, 1s added in-line to the thick
stock at about 0.5 Ibs. per ton of dry fiber as 1t moves to the
second fan pump.

A third stock chest i1s prepared with 100% NSK {fiber with
a final consistency of about 3.0% by weight. The blended
thick stock 1s directed to a disk refiner where it 1s refined to
a Canadian Standard Freeness of about 580 to 625. The
refined, NSK thick stock of the third stock chest 1s then
directed through a thick stock line where a wet-strength
additive, HERCOBOND 1194, 1s added to the thick stock at
about 1.5 lbs. per ton of dry fiber. The refined, 100% NSK
thick stock 1s then blended in-line with the eucalyptus thick
stock from the second stock chest to yield a blended thick
stock of about 55% eucalyptus and 45% NSK fiber as 1t 1s
directed to the second fan pump.

A fourth stock chest of 100% trichome fiber i1s prepared
with a conventional pulper to have a consistency of about
1.0% by weight. The thick stock of the fourth chest is
directed through a thick stock line where it 1s blended in-line
with the eucalyptus of the first stock chest to yield a blend
of about 81% eucalyptus and 19% trichome fiber as it 1s
directed to the first fan pump.

The blended eucalyvptus and trichome fiber slurry diluted
by the first fan pump 1s directed through the bottom headbox
chamber (Yankee-side layer). The blend of eucalyptus fiber
and NSK fiber slurry diluted by the second fan pump is
directed through the center headbox chamber and to the top
headbox chamber (Fabric-side) and 1s delivered in super-
posed relation to the fixed-roof former’s forming wire to
form thereon a three-layer embryonic web, of which about

34.5% of the top side 1s made up of blend of eucalvptus and
NSK fibers, center 1s made up of about 34.5% of a blend of

eucalyptus and NSK fibers and the bottom side (Yankee-
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side) 1s made up of about 31% of eucalvptus fibers and
trichome fibers. Dewatering occurs through the outer wire

and the mner wire and 1s assisted by wire vacuum boxes.
Forming wire 1s an 84M design traveling at a speed of 800
fpm (feet per minute).

The embryonic wet web 1s transierred from the carrier
(1nner) wire, at a fiber consistency of about 24% at the point
of transfer, to a patterned drying fabric. The speed of the
patterned drying fabric 1s about 800 fpm (feet per minute).
The drying fabric 1s designed to yield a pattern of substan-
tially machine direction oriented linear channels having a
continuous network of high density (knuckle) areas, such
linear channels being the structure which imparts line ele-
ments to the web. This drying fabric 1s formed by casting an
impervious resin surface onto a fiber mesh supporting fabric.
The supporting fabric 1s a 127x32 filament, dual layer mesh.
The thickness of the resin cast 1s about 12 mils above the
supporting fabric.

While remaining in contact with the patterned drying
tabric, the web 1s pre-dried by air blow-through pre-dryers
to a fiber consistency of about 60% by weight.

After the pre-dryers, the semi-dry web 1s transierred to the
Yankee dryer through a nmip formed by the pressure roll
surface and the Yankee surface where the Yankee surface has
been pre-treated with a sprayed a creping adhesive coating.
The coating 1s a blend consisting of Georgia Pacific’s
UNICREPE 457120 and Vinylon Works” VINYLON 8844
at a ratio ol about 92 to 8, respectively. The fiber consistency
1s 1ncreased to about 97% belore the web 1s dry creped from
the Yankee with a doctor blade.

The web 1s removed from the Yankee surface by a creping
blade having a bevel angle of about 25 degrees and 1s
positioned with respect to the Yankee dryer to provide an
impact angle of about 81 degrees. The Yankee dryer 1is
operated at a temperature of about 350° F. (177° C.) and a
speed of about 800 fpm. The fibrous structure 1s wound 1n a
roll using a surface driven reel drum having a surface speed
of about 700 fpm (feet per minute). A surface solftening
composition 1s applied to at least one surface of the fibrous
structure. The surface softening composition comprises a
surface softening agent of the present invention; namely, one
or more metathesized unsaturated polyol esters. Optionally,
the product surface may comprise another surface softening,
composition, in combination with or discrete from the
metathesized unsaturated polyol ester, that comprises a
quaternary ammonium compound and/or a silicone soften-
ing agent and/or a non-metathesized polyol ester. In addi-
tion, the fibrous structure may be subjected to post treat-
ments such as embossing and/or tuft generating. The fibrous
structure may be subsequently converted mto a two-ply
sanitary tissue product having a basis weight of about 39
g/m”. The plies of the two ply product are converted with
Yankee-side surfaces out in order to form the consumer
facing surfaces of the two-ply samtary tissue product.

Example 11

A first stock chest of 100% eucalyvptus fiber 1s prepared
with a conventional pulper to have a consistency of about
3.0% by weight. The thick stock of the first hardwood chest
1s directed through a thick stock line where a wet-strength
additive, HERCOBOND 1194 (commercially available
from Ashland Inc.), 1s added in-line to the thick stock at
about 0.5 lbs. per ton of dry fiber as it moves to the first fan
pump.

Additionally, a second stock chest of 100% eucalyptus
fiber 1s prepared with a conventional pulper to have a
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consistency of about 3.0% by weight. The thick stock of the
second hardwood chest 1s directed through a thick stock line
where a wet-strength additive, HERCOBOND 1194, 1s
added in-line to the thick stock at about 0.5 Ibs. per ton of
dry fiber as 1t moves to the second fan pump.

A third stock chest 1s prepared with 100% NSK {fiber with
a final consistency of about 3.0%. The blended thick stock
1s directed to a disk refiner where 1t 1s refined to a Canadian
Standard Freeness of about 580 to 625. The NSK thick stock
of the third stock chest i1s then directed through a thick stock
line where a wet-strength additive, HERCOBOND 1194, 1s
added to the thick stock at about 1.5 1bs. per ton of dry fiber.
The refined, 100% NSK thick stock 1s then directed to a third
fan pump.

A fourth stock chest of 100% trichome fiber 1s prepared
with a conventional pulper to have a consistency of about
1.0% by weight. The thick stock of the fourth chest is
directed through a thick stock line where it 1s blended in-line
with the eucalyptus fiber thick stock from the first stock
chest to yield a blend of about 81% eucalyptus and 19%
trichome fiber as 1t 1s directed to the first fan pump.

The blended eucalyptus and trichome fiber slurry diluted
by the first fan pump 1s directed through the bottom headbox
chamber (Yankee-side layer). The NSK fiber slurry diluted
by the third fan pump 1s directed through the center headbox
chamber. The eucalyptus fiber slurry diluted by the second
fan pump directed to the top headbox chamber (Fabric-side)
and delivered 1in superposed relation to the fixed-roof for-
mer’s forming wire to form thereon a three-layer embryonic
web, of which about 34.5% of the top side 1s made up of pure
eucalyptus fibers, center 1s made up of about 34.5% of a
NSK fiber and the bottom side (Yankee-side) 1s made up of
about 31% of pure eucalyptus fiber. Dewatering occurs
through the outer wire and the mnner wire and 1s assisted by
wire vacuum boxes. Forming wire 1s an 84M design trav-
cling at a speed of 800 fpm (feet per minute).

The embryonic wet web i1s transferred from the carrier
(inner) wire, at a fiber consistency of about 24% at the point
of transfer, to a patterned drying fabric. The speed of the
patterned drying fabric 1s about 800 fpm (feet per minute).
The drying fabric 1s designed to yield a pattern of substan-
tially machine direction oriented linear channels having a
continuous network of high density (knuckle) areas. This
drying fabric 1s formed by casting an impervious resin
surface onto a fiber mesh supporting fabric. The supporting
fabric 1s a 127x32 filament, dual layer mesh. The thickness
of the resin cast 1s about 12 mils above the supporting fabric.

While remaining in contact with the patterned drying
tabric, the web 1s pre-dried by air blow-through pre-dryers
to a fiber consistency of about 60% by weight.

After the pre-dryers, the semi-dry web 1s transferred to the
Yankee dryer through a mip formed by the pressure roll
surface and the Yankee surface where the Yankee surface has
been pre-treated with a sprayed a creping adhesive coating.
The coating 1s a blend consisting of Georgia Pacific’s
UNICREPE 457120 and Vinylon Works” VINYLON 8844
at a ratio of about 92 to 8, respectively. The fiber consistency
1s 1ncreased to about 97% belfore the web 1s dry creped from
the Yankee with a doctor blade.

The web 1s removed from the Yankee surface by a creping
blade having a bevel angle of about 25 degrees and 1s
positioned with respect to the Yankee dryer to provide an
impact angle of about 81 degrees. The Yankee dryer is
operated at a temperature of about 350° F. (177° C.) and a
speed ol about 800 fpm. The fibrous structure 1s wound 1n a
roll using a surface driven reel drum having a surface speed
of about 700 fpm (feet per minute). A surface softening
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composition 1s applied to at least one surface of the fibrous
structure. The surface softening composition comprises a
surface softening agent of the present invention; namely, one
or more metathesized unsaturated polyol esters. Optionally,
the product surface may comprise another surface softening
composition, in combination with or discrete from the
metathesized unsaturated polyol ester, that comprises a
quaternary ammonium compound and/or a silicone soften-
ing agent and/or a non-metathesized polyol ester. In addi-
tion, the fibrous structure may be subjected to post treat-
ments such as embossing and/or tuft generating. The fibrous
structure may be subsequently converted mnto a two-ply
sanitary tissue product having a basis weight of about 48.8
g/m*. The plies of the two ply product are converted with
Yankee-side surfaces out in order to form the consumer
facing surfaces of the two-ply samitary tissue product.

Test Methods

Unless otherwise specified, all tests described herein
including those described under the Definitions section and
the following test methods are conducted on samples that
have been conditioned 1n a conditioned room (CTCH room)
at a temperature of 23° C.£1.0° C. and a relative humidity
of 50%=2% for a minmimum of 2 hours prior to the test. All
plastic and paper board packaging articles of manufacture
must be carefully removed from the paper samples prior to
testing. The samples tested are “usable umits.” “Usable
units” as used herein means sheets, flats from roll stock,
pre-converted flats, and/or single or multi-ply products.
Except where noted all tests are conducted in such condi-
tioned room, all tests are conducted under the same envi-
ronmental conditions and in such conditioned room. Discard
any damaged product. Do not test samples that have defects
such as wrinkles, tears, holes, and like. Samples conditioned
as described herein are considered dry samples (such as “dry
filaments”) for testing purposes. All instruments are cali-
brated according to manufacturer’s specifications.

Slip Stick Coeflicient of Friction Test Method

Background

Friction 1s the force resisting the relative motion of solid
surfaces, fluid layers, and material elements sliding against
cach other. Of particular interest here, ‘dry’ friction resists
relative lateral motion of two solid surfaces 1n contact. Dry
friction 1s subdivided into static friction between non-mov-
ing surfaces, and kinetic ifriction between moving surfaces.
“Slip Stick™, as applied here, 1s the term used to describe the
dynamic variation in kinetic friction.

Friction 1s not 1tself a fundamental force but arises from
fundamental electromagnetic forces between the charged
particles constituting the two contacting surfaces. Textured
surfaces also involve mechanical interactions, as 1s the case
when sandpaper drags against a fibrous substrate. The com-
plexity of these interactions makes the calculation of friction
from first principles impossible and necessitates the use of
empirical methods for analysis and the development of
theory. As such, a specific sled material and test method was
identified, and has shown correlation to human perception of
surface feel.

This Slip Stick Coellicient of Friction Test Method mea-
sures the interaction of a diamond file (120-140 grit) against
a surface of a test sample, 1n this case a fibrous structure
and/or sanitary tissue product, at a pressure of about 32 g/in”
as shown i FIGS. 1-3. The friction measurements are highly
dependent on the exactness of the sled matenial surface
properties, and since each sled has no ‘standard’ reference,
sled-to-sled surface property variation i1s accounted for by
testing a test sample with multiple sleds, according to the
equipment and procedure described below.
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Equipment and Set-up

A Thwing-Albert (14 W. Collings Ave., West Berlin, N.J.)
friction/peel test mstrument (model 225-1) or equivalent 1f
no longer available, 1s used, equipped with data acquisition
software and a calibrated 2000 gram load cell that moves
horizontally across the platform. Attached to the load cell 1s
a small metal fitting (defined here as the “load cell arm”™)
which has a small hole near its end, such that a sled string
can be attached (for this method, however, no string will be
used). Into this load cell arm hole, 1nsert a cap screw (34 inch
#8-32) by partially screwing it into the opeming, so that 1t 1s
rigid (not loose) and pointing vertically, perpendicular to the
load cell arm.

After turning instrument on, set mstrument test speed to
2 1nches/min, test time to 10 seconds, and wait at least 5
minutes for mnstrument to warm up before re-zeroing the
load cell (with nothing touching 1t) and testing. Force data
from the load cell 1s acquired at a rate of 52 points per
second, reported to the nearest 0.1 gram force. Press the
‘Return’ button to move crosshead 201 to 1ts home position.

A smooth surfaced metal test platform 200, with dimen-
sions of S inches by 4 inches by 34 inch thick, 1s placed on
top of the test instrument platen surface, on the left hand side
of the load cell 203, with one of 1ts 4 inch by %4 inch sides
tacing towards the load cell 203, positioned 1.125 inches d
from the left most tip of the load cell arm 202 as shown 1n
FIGS. 1 and 3.

Sixteen test sleds 204 are required to perform this test (32
different sled surface faces). Each 1s made using a dual
sided, wide faced diamond file 206 (25 mmx25 mm, 120/
140 gnt, 1.2 mm thick, McMaster-Carr part number
8142A14) with 2 flat metal washers 208 (approximately
/16th mch outer diameter and about !'Y42nd inch inner
diameter). The combined weight of the diamond file 206 and
2 washers 208 1s 11.7 grams +/-0.2 grams (choose different
washers until weight 1s within this range). Using a metal
bonding adhesive (Loctite 430, or similar), adhere the 2
washers 208 to the c-shaped end 210 of the diamond file 206
(one each on either face), aligned and positioned such that
the opening 212 1s large enough for the cap screw 214 to
casily fit into, and to make the total length of sled 204 to
approximately 3 inches long. Clean sled 204 by dipping it,
diamond face end 216 only, into an acetone bath, while at the
same time gently brushing with soft bristled toothbrush 3-6
times on both sides of the diamond file 206. Remove from
acetone and pat dry each side with Kimwipe tissue (do not
rub tissue on diamond surface, since this could break tissue
pieces onto sled surface). Wait at least 15 minutes before
using sled 204 1n a test. Label each side of the sled 204 (on
the arm or washer, not on the diamond face) with a unique
identifier (1.e., the first sled 1s labeled “l1a” on one side, and
“1b” on 1ts other side). When all 16 sleds 204 are created and
labeled, there are then 32 different diamond face surfaces for
available for testing, labeled 1a and 1b through 16a and 16b.
These sleds 204 must be treated as fragile (particularly the
diamond surfaces) and handled caretfully; thus, they are
stored 1n a slide box holder, or similar protective container.

Sample Prep

If sample to be tested 1s bath tissue, in perforated roll
form, then gently remove 8 sets of 2 connected sheets from
the roll, touching only the corners (not the regions where the
test sled will contact). Use scissors or other sample cutter 1f
needed. If sample 1s 1n another form, cut 8 sets of sample
approximately 8 inches long in the MD, by approximately 4
inches long 1n the CD, one usable unit thick each. Make note
and/or a mark that differentiates both face sides of each
sample (e.g., fabric side or wire side, top or bottom, etc.).
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When sample prep 1s complete, there are 8 sheets prepared
with appropriate marking that differentiates one side from
the other. These will be referred to hereinafter as: sheets #1
through #8, each with a top side and a bottom side.

Test Operation

Press the ‘Return’ button to ensure crosshead 201 1s 1n 1ts
home position.

Without touching test area of sample, place sheet #1 218
on test platform 200, top side facing up, aligning one of the
sheet’s CD edges (1.e. edge that 1s parallel to the CD) along
the platform 218 edge closest to the load cell 202 (+/-1 mm).
This first test (pull), of 32 total, will be 1n the MD direction
on the top side of the sheet 218. Place a brass bar weight or
equivalent 220 (1 inch diameter, 3.75 inches long) on the
sheet 218, near its center, aligned perpendicular to the sled
pull direction, to prevent sheet 218 from moving during the
test. Place test sled “1a” 204 over cap screw head 214 (1.¢.,
sled washer opening 212 over cap screw head 214, and sled
side la 1s facing down) such that the diamond file 206
surface 1s laying flat and parallel on the sheet 218 surface
and the cap screw 214 1s touching the inside edge of the
washers 208.

Gently place a cylindrically shaped brass 20 gram (+/-
0.01 grams) weight 222 on top of the sled 204, with its edge
aligned and centered with the sled’s back end as shown 1n
FIGS. 2 and 3. Imtiate the sled movement M and data
acquisition by pressing the ‘Test” button on the nstrument.
The test set up 1s shown 1n FIG. 3. The computer collects the
force (grams) data and, after approximately 10 seconds of
test time, this first of 32 test pulls of the overall test 1s
complete.

As shown 1n FIGS. 2 and 3, if the test pull was set-up
correctly, the diamond file 206 face (25 mm by 25 mm
square) stays in contact with the sheet 218 during the entire
10 second test time (1.e., does not overhang over the sheet
218 or test platform 200 edge). Also, 1f at any time during
the test the sheet 218 moves, the test 1s invalid, and must be
rerun on another untouched portion of the sheet 218, using
a heavier brass bar weight or equivalent 220 to hold sheet
218 down. If the sheet 218 rips or tears, rerun the test on
another untouched portion of the sheet 218 (or create a new
sheet 218 from the sample). IT it rips again, then replace the
sled 204 with a different one (giving 1t the same sled name
as the one 1t replaced). These statements apply to all 32 test
pulls.

For the second of 32 test pulls (also an MD pull, but 1n the
opposite direction on the sheet), first remove the 20 gram
weight 222, the sled 204, and the brass bar weight or
equivalent 220 from the sheet 218. Press the ‘Return’ button
on the mstrument to reset the crosshead 201 to its home
position. Rotate the sheet 218 180° (with top side still facing
up), and replace the brass bar weight or equivalent 220 onto
the sheet 218 (in the same position described previously).
Place test sled “1b” 204 over the cap screw head 214 (i.e.,
sled washer opening 212 over cap screw head 214, and sled
side 1b 1s facing down) and the 20 gram weight 222 on the
sled 204, 1n the same manner as described previously. Press
the “Test” button to collect the data for the second test pull.

The third test pull will be 1n the CD direction. After
removing the sled 204, weights 220, 222, and returning the
crosshead 201, the sheet 218 1s rotated 90° from 1ts previous
position (with top side still facing up), and positioned so that
its MD edge 1s aligned with the test platform 200 edge (+/-1
mm). Position the sheet 218 such that the sled 204 will not
touch any perforation, if present, or touch the area where the
brass bar weight or equivalent 220 rested in previous test
pulls. Place the brass bar weight or equivalent 220 onto the
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sheet 218 near 1its center, aligned perpendicular to the sled
pull direction m. Place test sled “2a” 204 over the cap screw
head 214 (1.¢., sled washer opening 212 over cap screw head
214, and sled side 2a 1s facing down) and the 20 gram weight
222 on the sled 204, in the same manner as described
previously. Press the “Test” button to collect the data for the
third test pull.

The fourth test pull will also be 1n the CD, but in the
opposite direction and on the opposite half section of the

sheet 218. After removing the sled 204, weights 220, 222,
and returning the crosshead 201, the sheet 218 1s rotated
180° from 1its previous position (with top side still facing
up), and positioned so that 1ts MD edge 1s again aligned with
the test plattorm 200 edge (+/—1 mm). Position the sheet 218
such that the sled 204 will not touch any perforation, if
present, or touch the area where the brass bar weight or
equivalent 220 rested 1n previous test pulls. Place the brass
bar weight or equivalent 220 onto the sheet 218 near its

center, aligned perpendicular to the sled pull direction m.
Place test sled “2b” 204 over the cap screw head 214 (i.e.,
sled washer opening 212 over cap screw head 214, and sled
side 2b 1s facing down) and the 20 gram weight 222 on the
sled 204, 1n the same manner as described previously. Press
the ‘Test” button to collect the data for the fourth test pull.

After the fourth test pull 1s complete, remove the sled 204,
weights 220, 222, and return the crosshead 201 to the home
position. Sheet #1 218 1s discarded.

Test pulls 5-8 are performed 1n the same manner as 1-4,
except that sheet #2 218 has 1ts bottom side now facing
upward, and sleds 3a, 3b, 4a, and 4b are used.

Test pulls 9-12 are performed 1n the same manner as 1-4,
except that sheet #3 218 has its top side facing upward, and
sleds 5a, 5b, 6a, and 6b are used.

Test pulls 13-16 are performed 1n the same manner as 1-4,
except that sheet #4 218 has 1ts bottom side facing upward,
and sleds 7a, 7b, 8a, and 8b are used.

Test pulls 17-20 are performed 1n the same manner as 1-4,
except that sheet #5 218 has its top side facing upward, and
sleds 9a, 9b, 10a, and 10b are used.

Test pulls 21-24 are performed 1n the same manner as 1-4,
except that sheet #6 218 has 1ts bottom side facing upward,
and sleds 11a, 11b, 12a, and 12b are used.

Test pulls 25-28 are performed 1n the same manner as 1-4,
except that sheet #7 218 has its top side facing upward, and
sleds 13a, 13b, 14a, and 14b are used.

Test pulls 29-32 are performed 1n the same manner as 1-4,

except that sheet #8 218 has 1ts bottom side facing upward,
and sleds 15a, 15b, 16a, and 16b are used.

Calculations and Results

The collected force data (grams) 1s used to calculate Slip
Stick COF for each of the 32 test pulls, and subsequently the
overall average Slip Stick COF for the sample being tested.
In order to calculate Slip Stick COF for each test pull, the
tollowing calculations are made. First, the standard devia-
tion 1s calculated for the force data centered on 131st data
point (which 1s 2.5 seconds after the start of the test) +/-26
data points (1.e., the 53 data points that cover the range from
2.0 to 3.0 seconds). This standard deviation calculation 1s
repeated for each subsequent data point, and stopped after
the 493rd point (about 9.5 sec). The numerical average of
these 363 standard deviation values 1s then divided by the
sled weight (31.7 g) and multiplied by 10,000 to generate the
Slip Stick COF*10,000 for each test pull. This calculation 1s
repeated for all 32 test pulls. The numerical average of these
32 Slip Stick COF*10,000 values 1s the reported value of the
Slip Stick COF*10,000 for the sample. For simplicity, it 1s

10

15

20

25

30

35

40

45

50

55

60

65

46

referred to as just Slip Stick COF, or more simply as Slip
Stick, without units (dimensionless), and 1s reported to the
nearest 1.0.

Outliers and Noise

It 1s not uncommon, with this described method, to
observe about one out of the 32 test pulls to exhibit force
data with a harmonic wave of vibrations superimposed upon
it. For whatever reason, the pulled sled periodically gets into
a relatively high frequency, oscillating ‘shaking’ mode,
which can be seen in graphed force vs. time. The sine
wave-like noise was found to have a frequency of about 10
sec-1 and amplitude 1n the 3-5 grams force range. This adds
a bias to the true Slip Stick result for that test; thus, it 1s
appropriate for this test pull be treated as an outlier, the data
removed, and replaced with a new test of that same scenario
(e.g., CD top face) and sled number (e.g. 3a).

To get an estimate of the overall measurement noise,
‘blanks’ were run on the test instrument without any touch-
ing the load cell (1.e., no sled). The average force from these
tests 1s zero grams, but the calculated Slip Stick COF was
66. Thus, 1t 1s speculated that, for this instrument measure-

ment system, this value represents that absolute lower limit
tor Slip Stick COF.

Softness Test Method

TS7 and TS750 values are measured using an EMTEC
Tissue Soltness Analyzer (“Emtec TSA”) (Emtec Electronic
GmbH, Leipzig, Germany) interfaced with a computer run-
ning Emtec TSA software (version 3.19 or equivalent).
According to Emtec, the TS7 value correlates with the real
material softness, while the TS750 value correlates with the
felt smoothness/roughness of the material. The Emtec TSA
comprises a rotor with vertical blades which rotate on the
test sample at a defined and calibrated rotational speed (set
by manufacturer) and contact force of 100 mN. Contact
between the vertical blades and the test piece creates vibra-
tions, which create sound that 1s recorded by a microphone
within the instrument. The recorded sound file 1s then
analyzed by the Emtec TSA software. The sample prepara-
tion, mstrument operation and testing procedures are per-
formed according the mstrument manufacture’s specifica-
tions.
Sample Preparation

Test samples are prepared by cutting square or circular
samples from a finished product. Test samples are cut to a
length and width (or diameter i circular) of no less than
about 90 mm, and no greater than about 120 mm, in any of
these dimensions, to ensure the sample can be clamped 1nto
the TSA mnstrument properly. Test samples are selected to
avoid perforations, creases or folds within the testing region.
Prepare 8 substantially similar replicate samples for testing.
Equilibrate all samples at TAPPI standard temperature and
relative humidity conditions (23° C.£2 C.° and 50%=x2%)
for at least 1 hour prior to conducting the TSA testing, which
1s also conducted under TAPPI conditions.
Testing Procedure

Calibrate the instrument according to the manufacturer’s
instructions using the 1-point calibration method with Emtec
reference standards (“ref.2 samples™). If these reference
samples are no longer available, use the appropriate refer-
ence samples provided by the manufacturer. Calibrate the
instrument according to the manufacturer’s recommendation
and instruction, so that the results will be comparable to
those obtained when using the 1-point calibration method
with Emtec reference standards (“ref.2 samples™).

Mount the test sample nto the mstrument, and perform
the test according to the manufacturer’s instructions. When
complete, the software displays values for TS7 and TS730.
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Record each of these values to the nearest 0.01 dB V~ rms.
The test piece 1s then removed from the mmstrument and
discarded. This testing 1s performed individually on the top
surface (outer facing surface of a rolled product) of four of
the replicate samples, and on the bottom surface (inner
facing surface of a rolled product) of the other four replicate
samples.

The four test result values for TS7 and TS750 from the top
surface are averaged (using a simple numerical average); the
same 1s done for the four test result values for TS7 and
TS750 from the bottom surface. Report the individual aver-
age values of TS7 and TS750 for both the top and bottom
surfaces on a particular test sample to the nearest 0.01 dB V~
rms. Additionally, average together all eight test value
results for TS7 and TS750, and report the overall average
values for TS7 and TS750 on a particular test sample to the
nearest 0.01 dB V~ rms.

Molecular Weight Distribution Test Method

The weight average molecular weight (Mw) 1s measured
using gel permeation chromatography (GPC) and multi-
angle laser light scattering (MALLS). The GPC/MALLS
system used for the analysis 1s comprised of a Waters
Alliance €2695 Separations Module, a Waters 2414 inter-
terometric refractometer, and a Wyatt Heleos II 18 angle
laser light scattering detector. The column set used for
separation 1s purchased from TOSOH Biosciences LLC,

King of Prussia, Pa. and included: Guard Column TSKgel
G1000Hx-GMHx1-L (Cat #07113), TSKgel G3000Hx1 (Cat

#0016136), TSKgel G2500Hx] (Cat #0016135), and TSK gel
G2000Hx] (Cat #0016134). Wyatt ASTRA 6 solftware was
used for instrument operation and data analysis. The 90
degree light scattering detection angle 1s calibrated using
filtered, anhydrous toluene. The remaining detection angles
are normalized using an 1sotropic scatterer in THF. To verity
instrument performance of the MALLS and RI (refractive
index) detectors, a poly(styrene) standard with a known Mw
and known dn/dc (in the mobile phase) 1s run. Acceptable
performance of the MALLS and RI detectors gives a cal-
culated Mw within 5% of the reported Mw of the poly
(styrene) standard and a mass recovery between 95 and
105%.

To complete the GPC/MALLS analysis, a value of dn/dc
1s needed. The value of dn/dc 1s measured as follows. The RI
detector 1s thermostated to 35 degrees Celsius. A series of
five concentration standards of the metathesized unsaturated
polyol ester in THF 1s prepared 1n the range 0.5 mg/ml to 5.5
mg/ml. A THF blank 1s injected directly into the refractive
index detector, followed by each of the metathesized unsatu-
rated polyol ester concentration standards, and ending with
another THF blank. The volume of each sample 1njected i1s
large enough to obtain a flat plateau region of constant
differential refractive index versus time; a value o1 1.0 ml 1s
typically used. In the ASTRA software, a baseline 1s con-
structed from the initial and final THF injections. For each
sample, peak limits are defined and the concentrations
entered to calculate dn/dc 1n the ASTRA software. For the
metathesized canola o1l of Example 2 1n THF, a dn/dc value
of 0.072 ml/g 1s obtained.

For the GPC/MALLS analysis of a metathesized unsatu-
rated polyol ester, a total of three samples are evaluated: the
metathesized unsaturated polyol ester, a non-metathesized
unsaturated polyol ester (glycerol trioleate [122-32-7],
Sigma-Aldrich, Milwaukee, Wis.), and a representative
olefin (1-octadecene, [112-88-9], Sigma-Aldrich, Milwau-
kee, Wis.). The GPC samples are dissolved in tetrahydro-
turan (THF). Concentrations for the metathesized unsatu-
rated polyol ester are approximately 20 mg/ml, and
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concentrations for the non-metathesized unsaturated polyol
ester and olefin are approximately 5 mg/ml. After all the
material 1s dissolved, each solution 1s filtered by a 0.45
micron nylon filter disk into a GPC autosampler vial for
analysis. The GPC column temperature 1s at room tempera-
ture, approximately 25 degrees Celstus. HPLC grade THF 1s
used as the mobile phase and 1s delivered at a constant flow
rate of 1.0 ml/min. The mjection volume 1s 100 microliters
and the run time 1s 40 minutes. Baselines are constructed for
all signals. Peak elution limits include metathesized unsatu-
rated polyol ester and non-metathesized unsaturated polyol
ester, but exclude later eluting residual olefin. The retention
times of the non-metathesized unsaturated polyol ester and
olefin were determined from the separate injection runs of
both the non-metathesized unsaturated polyol ester and
olefin. Baselines and scattering detectors are reviewed.
Oligomer Index Test Method

The oligomer index of the metathesized unsaturated
polyol ester 1s calculated from data that 1s determined by
Supercritical Fluid Chromatography-Fourier Transform
Orbital Trapping Mass Spectrometry (SFC-Orbitrap MS).
The sample to be analyzed 1s typically dissolved in meth-
ylene chloride or a methylene chloride—hexane mixture at
a concentration of 1000 ppm (1 mg/mL). A further 25x-100x
dilution 1s typically made into hexane (for a final concen-
tration of 10-40 ppm). A volume of 2-7.5 ul 1s typically
injected on to a SFC column (for example, a commercially
available 3 mm 1.d.x150 mm FEthylpyridine column, 3 uM
particle size).

During the chromatography run, the mobile phase 1s
typically programmed from 100% carbon dioxide with a
gradient ol one percent per minute methanol. The effluent
from the column i1s directed to a mixing tee where an
ionization solution 1s added. The 1onization medium 1is
typically 20 mM ammonium formate 1n methanol at a flow
of 0.7 mL/min while the SFC flow 1s typically 1.6 mL/min
into the tee. The effluent from the mixing tee enters the
ionization source of the Orbitrap Mass Spectrometer, which
1s operated in the heated electrospray ionization mode at
320° C.

In one aspect, a hybrid linear 1on trap—Orbitrap mass
spectrometer (1.e., the Orbitrap Elite from Thermoelectron
Corp.) 1s calibrated and tuned according to the manufactur-
er’s guidelines. A mass resolution (m/Am peak width at half
height) from 100,000 to 230,000 1s typically used. C,H,O
compositions of eluting species (typically associated with
various cations, e.g., NH,", H", Na™) are obtained by
accurate mass measurement (0.1-2 ppm) and are correlated
to metathesis products. Also, sub-structures may be probed
by linear 1on trap “MS"” experiments with subsequent
accurate-mass analysis in the Orbitrap, as practiced typically
in the art.

The metathesis monomers, dimers, trimers, tetramers,
pentamers, and higher order oligomers are fully separated by
SFC. The chromatogram based on 1on current from the
Orbitrap MS may be 1ntegrated, as typically practiced in the
art, for each of the particular oligomer groups including
metathesis monomers, metathesis dimers, metathesis trim-
ers, metathesis pentamers, and each of the higher order
oligomers. These raw areas may then be formulated into
various relative expressions, based on normalization to
100%. The sum of the areas of metathesis trimers through
the highest oligomer detected 1s divided by the sum of all
metathesis species detected (metathesis monomers to the
highest oligomer detected). This ratio 1s called the oligomer
index. As used herein, the “oligomer index” 1s a relative
measure ol the fraction of the metathesized unsaturated
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polyol ester which 1s comprised of trimers, tetramers, pen-
tamers, and higher order oligomers.

Iodine Value Test Method

Another aspect of the invention provides a method to
measure the 1odine value of the metathesized unsaturated
polyol ester. The 1odine value 1s determined using AOCS
Ofhicial Method Cd 1-25 with the following modifications:
carbon tetrachloride solvent 1s replaced with chloroform (25
ml), an accuracy check sample (oleic acid 99%, Sigma-
Aldrich; IV=89.86+2.00 cg/g) 1s added to the sample set,
and the reported IV 1s corrected for minor contribution from
olefins identified when determining the free hydrocarbon
content of the metathesized unsaturated polyol ester.

Free Hydrocarbon Content Test Method

Another aspect of this invention provides a method to
determine the free hydrocarbon content of the metathesized
unsaturated polyol ester. The method combines gas chro-
matography/mass spectroscopy (GC/MS) to confirm 1dentity
of the free hydrocarbon homologs and gas chromatography
with flame 1onization detection (GC/FID) to quantify the
free hydrocarbon present.

Sample Prep: The sample to be analyzed was typically
trans-esterified by diluting (e.g. 400:1) 1n methanolic KOH
(c.g. 0.1N) and heating in a closed contamner until the
reaction was complete (1.e. 90° C. for 30 min.) then cooled
to room temperature. The sample solution could then be
treated with 15% boron tri-fluoride 1n methanol and again
heated 1n a closed vessel until the reaction was complete (1.¢.
at 60° C. for 30 min.) both to acidily (methyl orange-red)
and to methylate any free acid present in the sample. After
allowing to cool to room temperature, the reaction was
quenched by addition of saturated NaCl in water. An organic
extraction solvent such as cyclohexane containing a known
level internal standard (e.g. 150 ppm dimethyl adipate) was
then added to the vial and mixed well. After the layers
separated, a portion of the organic phase was transierred to
a vial suitable for injection to the gas chromatograph. This
sample extraction solution was analyzed by GC/MS to
coniirm 1dentification of peaks matching hydrocarbon reten-
tion times by comparing to reference spectra and then by
GC/FID to calculate concentration of hydrocarbons by com-
parison to standard FID response factors.

A hydrocarbon standard of known concentrations, such as
50 ppm each, of typically observed hydrocarbon compounds
(1.e. 1-dodecene, 1-tridecene, 1-tetradecene, 1-pentadecene,
1-hexadecene, 1-heptadecene, 1-octadecene, dodecane, tri-
decane, tetradecane, pentadecane, hexadecane, heptadecane
and octadecane) was prepared by dilution 1n the same
solvent containing internal standard as was used to extract
the sample reaction mixture. This hydrocarbon standard was
analyzed by GC/MS to generate retention times and refer-
ence spectra and then by GC/FID to generate retention times
and response factors.

GC/MS: An Agilent 7890 GC equipped with a split/
splitless 1njection port coupled with a Waters QuattroMi-
croGC mass spectrometer set up in EI+ 1onization mode was
used to carry out qualitative i1dentification of peaks
observed. A non-polar DBI1-HT column (15 mx0.25
mmx0.1 um df) was installed with 1.4 mlL/min hellum
carrier gas. In separate runs, 1 ulL of the hydrocarbon
standard and sample extract solution were 1njected to a 300°
injection port with a split ratio of 25:1. The oven was held
at 40° C. for 1 minute then ramped 15 C.°/minute to a final
temperature of 325° C. which was held for 10 minutes
resulting 1n a total run time of 30 minutes. The transier line
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was kept at 330° C. and the temperature of the EI source was
230° C. The 1omization energy was set at 70 ¢V and the scan
range was 35-550 m/z.

GC/FID: An Agilent 7890 GC equipped with a split/
splitless 1njection port and a flame 1onization detector was
used for quantitative analyses. A non-polar DB1-HT column
(5 mx0.25 mmx0.1 um di) was installed with 1.4 mL/min
helium carrier gas. In separate runs, 1 ulL of the hydrocarbon
standard and sample extract solution was injected to a 330°
injection port with a split ratio of 100:1. The oven was held
at 40° C. for 0.5 minutes then ramped at 40 C.°/minute to a
final temperature of 380° C. which was held for 3 minutes
resulting 1n a total run time of 12 minutes. The FID was kept
at 380° C. with 40 mL/minute hydrogen gas flow and 450
ml/min air flow. Make up gas was helium at 25 mlL/min.
The hydrocarbon standard was used to create a calibration
table 1n the Chemstation Data Analysis software including
known concentrations to generate response factors. These
response factors were applied to the corresponding peaks in
the sample chromatogram to calculate total amount of free
hydrocarbon found 1n each sample.

All documents cited in the Detailed Description of the
Invention are, in relevant part, imncorporated by reference
herein; the citation of any document 1s not to be construed
as an admission that 1t 1s prior art with respect to the present
invention. To the extent that any meaning or definition of the
term 1n this written document conflicts with any meaning or
definition of the term 1n a document incorporated by refer-
ence, the meaning or definition assigned to the term 1n this
written document shall govern.

The dimensions and values disclosed herein are not to be
understood as being strictly limited to the exact numerical
values recited. Instead, unless otherwise specified, each such
dimension 1s intended to mean both the recited value and a
functionally equivalent range surrounding that value. For
example, a dimension disclosed as “40 mm”™ 1s intended to
mean “about 40 mm”.

While particular embodiments of the present invention
have been 1llustrated and described, it would be obvious to
those skilled in the art that various other changes and
modifications can be made without departing from the spirit
and scope of the mvention. It 1s therefore intended to cover
in the appended claims all such changes and modifications
that are within the scope of this invention.

What 1s claimed 1s:

1. A fibrous structure comprising a plurality of wood pulp
fibers, wherein the fibrous structure comprises a surface
comprising a non-transierable surface softening composi-
tion comprising a metathesized unsaturated polyol ester
having one or more of the following properties:

(1) a weight average molecular weight of from about 5,000

Daltons to about 50,000 Daltons:

(11) an oligomer imndex from greater than O to 1; and

(111) an 10dine value of from about 30 to about 200;
wherein the surface softening composition further comprises
a quaternary ammonium compound;
wherein the surface softening composition comprises from
about 5% to about 40% by weight of the quaternary ammo-
nium compound;
wherein the fibrous structure comprises from about 0.1% to
about 2% of a total basis weight of the surface softening
composition; and
wherein the fibrous structure exhibits an average TS7 Soft-
ness Value of less than 9.

2. The fibrous structure according to claim 1 wherein the
metathesized unsaturated polyol ester 1s selected from the
group consisting of: a metathesized natural o1l composition
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comprising olefins, esters, and mixtures thereof; a metath-
esized natural o1l composition having a number average

molecular weight 1n the range of from about 100 g/mol to
about 150,000 g/mol, a weight average molecular weight 1n
the range of from about 1,000 g/mol to about 100,000 g/mol,
a z-average molecular weight 1n the range of from about
5,000 g/mol to about 1,000,000 g/mol, and a polydispersity
index of from about 1 to about 20, wherein the metathesized

natural o1l composition 1s metathesized at least once; and
mixtures thereol.

3. The fibrous structure according to claim 1 wherein the
metathesized unsaturated polyol ester 1s selected from the
group consisting ol a metathesized vegetable o1l, a metath-
esized amimal fat, a metathesized algae o1l and mixtures
thereol.

4. The fibrous structure according to claim 1 wherein the
metathesized unsaturated polyol ester 1s selected from the
group consisting of metathesized canola oi1l, metathesized
rapeseed o1l, metathesized coconut oi1l, metathesized corn
o1l, metathesized cottonseed o1l, metathesized olive oil,
metathesized palm oi1l, metathesized peanut oil, metath-
esized safflower o1l, metathesized sesame o1l, metathesized
soybean o1l, metathesized sunflower o1l, metathesized lin-
seed o1l, metathesized palm kernel o1l, metathesized tang oil,
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metathesized jatropha oil, metathesized mustard o1l, metath-
esized castor o1l, metathesized camelina oi1l, metathesized
pennycress oil, and mixtures thereof.

5. The fibrous structure according to claim 1 wherein the
metathesized unsaturated polyol ester has an 10dine value
(IV) that ranges from 50 to 100.

6. The fibrous structure according to claim 1 wherein the
fibrous structure further comprises a lotion composition.

7. The fibrous structure according to claim 1 wherein the
fibrous structure 1s a through-air-dried fibrous structure.

8. The fibrous structure according to claim 1 wherein the
fibrous structure 1s a conventionally dried fibrous structure.

9. The fibrous structure according to claim 1 wherein the
fibrous structure 1s fabric creped.

10. The fibrous structure according to claim 1 wherein the
fibrous structure comprises fibers.

11. The fibrous structure according to claim 1 wherein the
fibrous structure exhibits a Slip Stick Coeflicient of Friction
of less than 360.

12. A single- or multi-ply sanitary tissue product com-
prising a fibrous structure according to claim 1.

13. The sanitary tissue product according to claim 12
wherein the sanitary tissue product 1s toilet paper.
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